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Note;  This  document,  FR  Doc.  75-33358, 
was  originally  published  at  40  PR  57721 
(Thursday,  December  11, 1975) .  At  that  time, 
the  text  of  the  proposed  Standard  1003  was 
inadvertently  hied  as  part  of  the  original 
document.  Today's  republication  contains 
the  text  of  the  standard. 

The  Administrator  of  the  General 
Services  Administration  (GSA)  is  re¬ 
sponsible,  under  the  provisions  of  the 
Federal  Property  and  Administrative 
Services  Act  of  1949,  as  amended,  for  the 
Federal  Standardization  Program.  On  14 
August  1972,  the  National  Communica¬ 
tions  System  (NCS)  '  was  designated  by 
the  Administrator,  GSA,  as  the  respon¬ 
sible  agent  for  the  development  of  tele¬ 
communication  standards  for  NCS  in¬ 
teroperability  and  the  computer-com¬ 
munications  interface.  The  Federal  Tele¬ 
communication  Standards  Committee 
(FTSC)  was  established  under  the  ad¬ 
ministration  of  NCS  to  accomplish  this 
mission.  Additionally,  the  Secretary  of 
Commerce  is  authorized,  under  the  pro¬ 
visions  of  Public  Law  89-306,  to  develop 
and  establish  uniform  Federal  automatic 
data  processing  standards. 

This  proposed  Federal  standard  is  part 
of  a  series  of  joint  Federal  telecommuni¬ 
cation  standards  and  Federal  Informa¬ 
tion  Processing  Standards  <FIPS)  falling 
within  the  area  of  mutual  responsibility 
of  the  NCS  and  the  National  Bureau  of 


'  DoD  Directive  5100.41,  “Arrangements  for 
Discharge  of  Executive  Agent  Responsibili¬ 
ties  for  the  NCS" — filed  as  part  of  original 
document. 


NOTICES 


Standards  (NBS)  as  defined  in  FTPS 
PUB  23  =  and  NCS  Circular  175-1  \ 

The  proposed  Federal  standard  and 
the  companion  FIPS  publication  will 
adopt  the  content  of  the  American  Na¬ 
tional  Standards  Institute  (ANSI)  doc¬ 
ument  X3S34/589,  15  August  1975,  with 
the  exceptions  set  forth  in  paragraph  2, 
“Applicable  Documents.”  The  ANSI  doc¬ 
ument  specifies  the  data  communication 
control  procedures,  which  define  the 
means  for  exchanging  data  between  bus¬ 
iness  machines  (e.g.,  computers,  c<hi- 
centrators  and  terminals)  over  com¬ 
munication  circuits.  The  advanced  data 
communication  control  procedures  de¬ 
scribed  are  synchronous,  bit  oriented 
(i.e.,  use  bit  patterns  instead  of  ASCII 
characters  for  control),  code  independ¬ 
ent  (i.e.,  capable  of  handling  any  data 
code  or  pattern)  and  interactive  (i.e., 
have  relatively  high  efficiency  in  an  in¬ 
teractive  application) .  The  proposed 
ANSI  document  was  developed  by  an 
ANSI  task  group  with  Federal  Govern¬ 
ment  participation  and  has  been  recom¬ 
mend^  for  processing  as  a  Federal 
standard  by  the  FTSC  with  the  ccmcur- 
rence  of  the  National  Bureau  of  Stand¬ 
ards  in  response  to  requirements  speci¬ 
fied  by  various  Government  agencies. 

Prior  to  submission  of  the  final  en¬ 
dorsement  of  the  proposed  Federal 
standard  and  its  companion  FIPS  publi¬ 
cation  to  the  Department  of  Commerce 
(DOC),  the  Office  of  Telecommunica¬ 
tions  Policy  (OTP),  Executive  Office  of 


=  Filed  as  part  of  original.  Copies  available 
from  U.S.  Government  Printing  Office,  Wash- 
Irigton,  D.C.  20402  (order  by  SD  Catalog  No. 
C13.52:23) 

>  Filed  as  part  of  original.  Copies  avaUable 
from  Office  of  the  Manager,  NCS,  Washing¬ 
ton,  D.C.  20305 


the  President,  and  GSA,  it  is  essential 
that  proper  consideration  is  given  to  the 
needs  and  views  of  industry,  the  public, 
and  state  and  local  governments.  The 
purpose  of  this  notice  is  to  solicit  such 
views.  Interested  parties  may  submit 
their  comments  to  the  Office  of  the  Man¬ 
ager,  National  Communications  System, 
ATTN:  NCS-TS,  Washington,  D.C. 
20305.  All  comments  should  be  submit¬ 
ted  to  N(rs  by  30  January  1976. 

Lee  M.  Paschall, 
Lieutenant  General,  USAF, 
Manager. 

Maurice  W.  Roche, 
Director,  Correspondence  and 
Directives,  OASD  (Comptroller) . 

December  8,  1975. 

Proposed  Federal  Standard 
telecommunications:  bit  oriented  data 

LINK  CONTROL  PROCEDURES 

This  standard  is  issued  by  the  General 
Services  Administration  pursuant  to  the 
Federal  Property  and  Administrative 
Services  Act  of  1949,  as  amended.  Its 
application  to  both  data  processing  sys¬ 
tems  and  telecommunications  systems  is 
mandatory  on  all  Federal  agencies  to  the 
extent  specified  herein.  Do  not  use  prior 
to  approval.  . 

FOREWORD 

The  Telecommunication  series  of  Fed¬ 
eral  Standards  are  designed  to  facilitate 
interoperability  between  telecommunica¬ 
tion  facilities  and  systems  of  the  Federal 
Government  and  compatibility  of  these 
facilities  and  systems  at  the  computer- 
communications  interface  with  data 
processing  equipment  (systems) . 
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1.  Scone.  This  standard  specifies  the  frame  structure, 
elements  of  prpcedures,  and  codes  'of  practice  (classes  of 
procedure)  for  data  coimnuni cat ions  systems  that  transmit 
synchronous  binary  data,  including  biriary  coded  data,  by 
electrical  or  electromagnetic  means  and  which  have  automatic 
error  detection  capabilities.’ 

1.1  Aoolication.  This  standard  shall  be  used  by  all 
P.ederal  agencies  in -the  design  and  procurement  of  equipment 
and  .systems^  It  Applies  to  equipment  and  systems  that  are 
procured  after  the  effective  date  of  this  standard.  Those  new 
systems  and  equipnients  on  which  substan'Ipial  technical  design 
has  been  completed  before  the  effective ' date  of  which  are 
procured  as  replacements  in  or  extensions  to  existing  system^ 
may  file  for  exception.  ' 

2.  Aoplicable  Documents.  This  Federal  standard  embodies 
the  content  of  the  American  National  Standards  Institute 
document  X3S34/589,  "Proposed  American  National  Standard  for 
Advanced  Data  Communication  Control  Procedures  (ADCCP) 

(Independent  Numbering),"  dated  15  August  1975 j  except  for  the 
aspects  listed  below: 

a.  All  systems  conforming  to  this  Federal  standard 
snail  be  able  to  implement  the  l6-bit .frame  check  sequence 
(FCS)  described  in  paragraph  3-5^  section  12,  and  appendix  D. 

In  addition,  if  a  32-bit  PCS  is  required  for  some  applications, 
it  shall  use  the  generatir^g  polynomial 

x^^+x^^-!-x^^+x^^+x^^+x^^+x^^+x^°+x^+x'^+x^+xVx^+x^+i 

b.  Tine  user  defined  coiTmiands  and  responses,  USERO, 

USERl,  USER2,  and  USER3j  appearing  in  the  introduction  to  section  7^ 
paragraph  7.4,  the  introduction  to  paragraph  7.5,  and 

paragraph  7. 5. 4. 2  are  not  a  part  of  the  Federal  standard. 

3.  Changes.  V/hen  a  Federal  agency  considers  that  this 
standard  does  not  provide  for  its  essential  needs,  a  statement 
citing  inadequacies  shall  be  sent  in  duplicate  to  the  General 
Services  Administration,  Federal  Supply  Service,  FMH, 

V.'asliington,  DC,  204o6  (in  accordance  with  provisions  of  Federal 
Properuy  Management  Regulatio-ns  4,  CFR  SS  101-29.3).  The 
Genv)ral  Services  Administration  will  determine  the  appropriate 
action  to  be  taken  and  will  notify  the  agency. 
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Table  o f  Conter.ts 


Sect  ion 


SCOPE _ _ _ 

DATA  LINK  CONFIG  u5  A  CTO  MS _ _ _ .  . .  _ 

2.1  Pricdry/.Sacor.dar y  Link 

FRAHB  STRUCTUES _ _ _ _ 2 _ 

3.1  Flag  Segueace  {?) 

3.2  Secondary  Station  Link  Address  Field  (A) 

3.3  Control  Field  (C) 

3. 4  Inf orirat io n  ? ie Id  (Info) _ ; _ _ 

3.5  Praae  Check  Sequence  (PCS) 

3.6  Abort 

3- 7  Transparency _ 

3.8  Active  Link  State 

3.8.1  Interfraice  Tins  Fill 

3.9  Idle  Link  State _ _ 

3.10  Invalid  Fraroe 

3.11  Order  of  Bit  Transmission 

SECOKDAR?  LIEK  ADDRESS  FIELD _ _ 

4.1  Addressing  Modes 

4.2  Secondary  Link  Address  Field  -  Basic  Address  Mode 

4.3  Secondary  Link  Address  Field  -*  Eztended  Address  Bode 

4.4  Global  Address 

4.5  Null  Address 

TR  A  IT  SM I  S  STO  M  p  A  R  » ;;  E  TE  R  S  AMD  FORMATS _ 

5.1  Paraneters 

5.1.1  Modulus 

5.1.2  Frame  Variables  and  Sequence  Numbers 

5.1.3  Send  te  Va  riable,  S _ 

5.1.4  Send  Seguence  Kuaber,  S (S) 

5.1.5  Receive  State  Variable,  R 

5.1.6  Receive  Sequence  huniber,  N  (R’  _____________ 

5.1.7  Poll/Final,  p’/F  ,  Bit 

5.2  Control  Field  Forcats 

5-  2..1 _ sic,. C ~~nl  _  e  j.eld 

5.2.2  Extended  Control  FieTd 

5.3  Infociration  Transfer  Format,  I 

5.4  Supervisory  Format,  S 

5.5  Unnumbered  Formt,  U  ^ 

SECGMOA'^V  MOnSS _ ^ _ _ _ 

6.1  Operational  Modes 
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6.1.1  Normal  Response  Hoia ,  NBH 

6.1.2  Asynchronous  Response  Rode,  ABH 

6.2  Disconnected  Nodes 

6.2.1  Moraail  Disconnected  Node,  NDH _ 

6.2.2  Asynchronous  Disconnected  Node,  ADH 

6.3  Initialization  Node,  IN 

7.0  COBfiANDS  AMD  BBSPONSBS _ _ _ _ _ 

7.1  Inforaation  Transfer  Format,  I,  Command  and  Besponse 

7.2  Supervisory  Format,  S,  Commands  and  Responses 

7.2.1  Receive  Beady,  SR,  Command/Response 

7.2.2  Receive  Mot  Ready,  HNR,  Command/Response _ 

7.2.3  Reject,  REJ,  Co mm an d/B espouse 

7.2.4  Selective  Reject,  SREJ,  Command/Response 

7.3  Unnuabered  Format,  U,  Commands  and  Responses 

7.4  Onnamhered  C  ncrra  nd  s _ 

7.4.1  Bode- Setting  Ccmmands 

7.4.  1.  1  Set  Normal  Besponse  Node,  SNRH,  Command 

7.4. 1.2  Set  Asynchronous  Besponse  Bode,  SARB,  Cooumand 

_ Set  Normal  Besponse  Mode  Extended.  SBHBE.  Command 

7.4.1. 4  Set  Asynchronous  Besponse  Bode  Extended,  SARBB, 
Command 

7.4. 1.5  Set  Initialization  Rode,  SIB,  Cooumand 

7.4. 1.6  Disconnect,  DISC,  Command 

7.4.2  Dnnumbered  Information  Transfer  Commands _ 

7.4. 2.1  Onnumbered  Information,  UI,  Command 

7.4. 2.2  Unnumbered  Poll,  OP,  Comaiand 

7.4.3  Unnumbered  Recovery  Commands 

7.4. 3.1  Response  Reject.  BSPB.  Command _ 

7.4.4  Biscellaneous  Commands 

7.4. 4.1  Exchange  Identification,  XID,  Command 

7.4. 4.2  User  Defined,  USEB0-USBR3,  Commands 

7.5  Onnumbered  Besoonsas _ _ ^ _ 

7.5.1  Bade-Setting  Responses 

7 .5. 1.1  Unnumbered  Acknowledgement,  OA,  Response 

7.5. 1.2  Disconnected  Node,  DB,  Response 

7.5. 1.3  Bequest  Disconnect,  RD.  Response _ 

7. 5.  i. 4  Request  Initialization  Bode,  RIB,  Response 

7.5.2  Onnumbered  Information  Transfer  Responses 

7.5. 2.1  Unnumbered  Information,  01,  Besponse 

7.5.3  Onnumbered  Recovery  Responses _ _ _ _ 

7.5.  3.  1  COmmaind  Reject,  CRDR,  Response 

7.5.4  Miscellaneous  Responses 

7. 5.  4.1  Exchange  Id^^ntif ication,  XID,  Response 

7.5. 4.2  Dser  Defined.  OSBRO  -  0SER3.  Responses _ _ 

8.0  EXCEPTIOM  CCN0ITIO8  REPORTING  AMD  BJICOVERT 

8.1  Busy  Condition 
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8.1.1  Secondary  Beceipt  of  BMB 

8.1.2  Primary  Heceipt  of  RUB 

8.1.3  Clearing  Busy  Condition 

8.2  B  (Si  SgqttgftCfi  Scxor - 

9.2.1  BA5IC  Recovery  Capability  (NB/HAB  CLASSES) 

8.2. 1.1  REJ  and  Poll/Pinal  Recovery 

8.2. 1.2  BBJ  Recovery 

a.  2.  1,3  Poll/ Pinal  Been  very _ 

8.2. 1.4  Response /Command  Time-Out 
8.  2.  1.5  Beceipt  of  N  (B)  in  TBA  Data  Exchange 

8.2.2  SBEJ  Recovery  Capability  (NS/NAS  CLASSES) 

.  •  8.2. 2.1  S5EJ/RBJ  Recovery _ _ 

..  8.  2^.  2. 2  S REJ  Recovery 

8. 2.2.3  REJ  Recovery 

8.2. 2.4  Bet rans Biss ion  of  SBEJ  and  REJ 

8.3  PCS  Error 

8.4  Coaaand-Besponse  Reject 

9.0  BESPOBSE/COMMAMD  TI!!5-ODT  . . 

9.1  Voroal  Response  Bode 

9.2  Asynchronous  Response  Bode 

10.0  SWITCHED  HETWQBK  COOT ERT IONS _ 

11-0  CLASSES  gP  PROCEDURES _ _ _ _ 

11.1  HBH  F-3  Classes  of  Procedures 

11.1.1  NB  CLASS:  HRM  -  BASIC  EBP 

11.1.2  MS  CLASS:  MBH  -  SBEJ  EBP 

1 1*2  HBfl  anA  ABa  P-S  Cleases  of  Procedures _ 

11.2.1  HAB  CLASS:  MRH  and  ABB  -  BAT  C  EBP 

11.2.2  MAS  CLASS:  MRH  and  ABH  -  SBEJ  EBP 
11.3  Balanced  Control  Classes  of  Procedures 

11.3.1  BCB  CLASS:  Balanced  Control  -  BASIC  EBP 
Exception  Recovery 

11.3.2  BCS  CLASS:  Balanced  Control  -  SBEJ  EBP 

12.0  FRAME  CHECK  SEOaEMCE  (PCS)  GEMERATIOM  AMD  CHECKIMG _ _ 

12.1  PCS  Generation 

12.2  PCS  Checking 


Appendix  A 
Appendix  6 
Appendix  C 

Appendix  0 
BXPOSITOBT 


,  GLOSS  IBI _ _ 

ADDITIONAL  IMPOBHATIOM 

^  IHDEX  TO  APPEMDIl  C  EXAMPLES _ 

EXAMPLES  OP  THE  USE  OP  COMMANDS  8  RESPONSES 

FRAME  CHECK  SEQOENCE  (PCS) _ _ 

REMARKS 
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LIST  or  A9BRSTXATIQIIS 
A  *  Secondary  station  address  field 

ADCCP  -  Advanced  Data  Comaunication  Control  Procedures 

AOH  •  Asynchronous  Disconnect  Bode 

ABB  *  Asynchronous  Besponse  Bode 

ABBE  Asynchronous  Besponse  Bode  Extended 

BCB  Balanced  Control  Basic  Recovery 

BCS  Balanced  Control  SBHJ  Recovery 

C  —  Control  Field 

CCITT  International  Telegraph  and  Telephone  Consultative  Coounittee 
CBOB  >>  Coaaand  Reject  (Besponse) 

DISC  -  Disconnect  (T omnia nd) 

DB Disconnect  Bode  (Response) 

BCB A.-  European  Computer  Banufac turers  Association 
EBP  *  Exception  (or  Error)  Recovery  Procedure 
F  -  Flag 

P  bit  -  Pinal  Bit 

PCS  -  Frane  Check  Sequence 

1  loforaation  Foraat  (fraie) 

I  frame  -  Infornation  Format  frame 
IB  **  Initialization  Bode 
Info  -  Information  Field 

ISO  ~  International  Standeirds  Organization 

LSB  -  Least  Significant  Bit 

B  ~  Bodifier  Bit 

BP  -  Bultipoint 

BSB  Bost  Significant  Bit 

I  -  A  Humber  variable 

BA  ”  Hot  Applicable 

BAB  **  Horval  and  Asynchronous  Response  Bode^  Basic  Recovery 
■AS  Boraal  and  Asyncrhronous  Response  Bode*  SREJ  Recovery 

■  B  *  Hormal  Besponse  Bode*  Basic  Recovery 
■OB  Boraal  Disconnect  Bode 

■  (B)  -  Receive  Sequence  Humber 
■BB  -  Moraal  Besponse  Bode 

■BBE  -  normal  Besponse  Bode  Extended 
I  (S)  -*  Send  Sequence  Huaber 

■  S  -  Bormal  Besponse  Bode*  SREJ  Recovery 
P  bit  -  Poll  Bit 

P/P  bit  -  Poll  or  Final  Bit 

Pri  -  Priaary 

P-P  -  Point-to-point 

P-S  -  Priaary-to-Secondary 

P/S  -  Prirrary  or  Secondary 

Pri/Sec  -  Priaary  or  Secondary 
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B  -  Beceive  State  Variable 

BD  -  Request  Disconnect  (Canirand) 

BEJ  -  Reject  (Cod maud.  Response) 

Bid  -  Bequest  Initialization  Node  (Response) 

BIB  -  Beceive  Not  Ready  (Coomand;  Response) 

BB  -  Receive  Ready  (Command,  Response) 

BSPB  -  Response  Reject  (Coaoand) 

S  -  Depending  upon  usage  ;  -  Send  State  Variable 

-  Supervisory  Bit 

-  Supervisory  Format  (frame) 

S  frame  -  Supervisory  Format  frame 

SARH  -  Set  Asynchconous  Response  Mode  (Command) 

SABUB  "  Set  Asynchronous  Response  Mode  Extended  (Coamand) 

Sec  -  Secondary 

SIR  -  Set  Initialization  Mode  (Command) 

SBBH  -  Set  Normal  Response  Mode  (Cormtand) 

SNBHE  ~  Set  Normal  Response  Mode  Extended  (Comnand) 

SBEJ  -  Selective  Reject  (Command,  Response) 

TO  -  Timeout 
TEA  -  Two-Bay  Alternate 
TBS  -  Two-Bay  Siaultaneous 
0  -  Unnumbered  Fortrat  (frame) 

0  frame  -  Unnuabered  Format  frame 
UA  -  Unnumbered  Acknowledge  (Response) 

UI  -  Unnuabered  Information  (Command,  Response) 

DP  -  Unnumbered  Pell  (Corrmand) 

USEB  -  User  (Coamand,  Response) 

XID  -  Exchange  Identification  (Command,  Response) 
z  -  bits  in  CMDR  status  Field 

lOTE:  The  mathematical  symbols  and  abbreviations  used  in  Section 
12*0,  Frame  Check  Sequence  (PCS)  Generation  and  Checking,  and 
Appendix  D,  Frame  Check  Sequence  (FCS)  ,  are  not  included  above;  they 
are  defined  as  they  introduced  in  Section  12  and  Appendix  D. 
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1.0  SCOPE 

This  standard  is  intended  to  cover  a  wide  range  of 
applications  (e.g. ,  two-way  alternate  and  two-way 
sinnltaiieoas  data  connunica  tion  between  conputers, 
concentrators  and  terainals  which  are  noraally  buffered)  and 
a  wide  range  of  data  link  configurations  (e.g.,  full  and 
half  duplex#  aulti -point#  point-to-point#  switched  or  non* 
switched). 

This  standard  establishes  the  procedures  to  be  used  on 
synchronous  codb unication  links  using  ADCCP  -  Independent 
lumbering.  This  standard  does  not  define  any  single  system 
and  should  not  r be  regarded  as  a  specification  for  a  data 
communications  systen. 

These  procedures  are  defined  specifically  in  terms  of  the 
actions  that  occur  on  receipt  of  coaeands  at  a  Secondary. 

In  order  to  provide  a  high  degree  of  standardization  (and# 
therefore#  of  ccmpatinility)  #  any  equipment  intended  to  be 
operated  within  the  constraints  of  this  standard  shall 
implement  all  features  of  a  stipulated  class  of  the 
procedures. 
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2.0  DATA  UHK  CONFIGURATIONS 

A DCCP "Independent  Nuicbering  defines  a  Primary/Secondary  link 
vhich  has  a  primary  link  control  function  (referrad  to  as 
PrlBacy),  and  a*secondary  link  control  function  (referred  to 
as  secondary).  ~  The  primary  is  responsible  for 
initialization,  scheduling  of  data  flow,  and  initiation  of 
link  level  error  recovery  functions.  Each  secondary  is 
responsible  for  executing  commands  received  from  the 
pcimary,  and  for  responding  when  instructed  by  the  primary. 

2.-1  Primary /Secondary  Link 
» 

The  ‘  Primary /Secondary  link  configuration  includes  one 
prinary  station  and  one  or  more  secondary  stations,  as  shown 
in  Figure  1.  The  link  may  be  point-to-point  or  multipoint, 
half  duplex  or  full  duplex,  switched  or  non-switched.  In 
this  configuration  all  data  transfer  and  link  error  recovery 
functions  are  controlled  by  the  single  primary  station. 


Point- to- Point  or  multipoint,  half  duplex  or  full  duplex, 
switched  or  non-switched  link 

FIGOBE  2-1  -  PHI  BABY /SECOND  ART  LINK 
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3.0  PRASE  STROCTUBE 

III  ADCCP  '  Independeat  Munbecing,  all  transnissions  ace  in 
frames  and  each  fraae  confacas  to  the  following  structure: 

F,  A,  C,  Info^  fCS,  F 

Where: 

P  «  Flag  Sequence 

&  >  Secondary  Station  Link  Address  Field 
*  C  *  Control  Field 

Info  =  Information  Field 
FCS  Franre  Check  Sequence 

Frames  containing  only  data  link  control  sequences  form  a 
special  case  where  there  is  no  Info  field.  The  short  fraae 
structure  is  therefore: 

F,  A,  C,  FCS,  F 

The  eleaents  of  the  frane  are  described  in  the  following 
paragraphs.  See  also  Figure  l-l. 

3.1  Flag  Sequence  (F) 

Ill  frames  start  and  end  with  the  flag  sequence.  This 
sequence  is  a  zero  bit  followed  by  6  one  bits  followed  by  a 
zero  bit  (01111110).  All  stations  attached  to  the  data  link 
continuously  hunt,  on  a  bit-by-bit  basis,  for  this  sequence. 
However,  a  transaitter  aust  send  only  complete  eight-bit 
flags.  .  Thus,  the  flag  is  used  for  frame  synchronization. 

In  order  to  achieve  transparency  the  flag  sequence  is 
prohibited  from  occurring  in  the  Address,  Control 
Information  and  FCS  Fields  via  a  "zero  bit  insertion 
procedure  which  is  described  in  paragraph  3.7. 

Where  station  constraints  permit,  the  flag  sequence  which 
closes  a  frame  nay  also  be  the  opening  flag  sequence  for  the 
aezt  fraae.  Any  nuaber  of  conplete  flags  say  be  used 
between  frames.  (See  also  Appendix  B) 
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3.2  Secondary  Station  Link  Address  Field  (A) 

The  Secondary  Station  Link  Address  Field  follovs  the  opening 
flag  of  every  frame  fron  both  primary  and  secondary 
stations.  The  length  of  this  field  (A)  is  H  octets  (N 

greater  than  or  egual  to  1).  The  encoding  of  this  field  is 

described  in  Section  4. 

3.3  Control  Field  (C) 

The  Control  Field  contains  commands,  responses,  and  sequence 
numbers.  The  ccntrol  field  is  used  by  the  primary  to 

.  instruct  the  addressed  secondary  what  operation  it  is  to 
pca;form.  It  is  also  used  by  the  secondary  to  respond  to  the 
pdaary.  The  length  of  this  field  (C)  is  normally  one 

octet.  It  is  tvo  octets  in  length  in  the  case  of  the 
extended  control  field  (see  Section  5.2.2). 

Sequenca  numbers  and  the  formatting  of  the  Control  Field  are 
described  in  Section  5.  Commands  and  responses  are 

functionally  described  in  Section  7. 

3«4  Inforiration  Field  (Info) 

The  Information  field  may  be  any  number  and  sequence  of 
bits;  the  data  link  is  completely  transparent.  Data 
contained  in  the  information  field  is  unrestricted  uith 
respect  to  code  or  grouping  of  bits.  See  Appendix  B  for 
examples  of  typical  limitations  on  maximum  length.  An 
information  field  length  of  zero  is  specifically  permitted. 

3*5  Frame  Check  Sequence  (FC  S) 

All  frames  include  a  16- bit  frame  check  sequence  (FCS)  just 
'prior  to  the  closing  flag  for  error  detection  purposes.  The 
contents  of  the  Address,  Control  and  Information  fields, 
excluding  the  zercs  inserted  to  maintain  transparency  per 
Section  3.7,  are  included  in  the  calculation  of  the  FCS 
sequence. 

The  FCS  is  the  reiraindec  of  a  modulo  2  division  process 
utilizing  a  generator  polynomial  as  a  divisor.  The 
g&ierator  polynomial  is  that  used  in  CCITT  Recommendation 
f.AI  and  is;  ♦I. 
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Section  12  gives  a  complete  description  of  the  FCS 
generation  process  and  the  error  checking  process  which 
utilizes  the  FC's.  Appendix  D  gives  an  ezaaple  of  FCS 
generation  and  error  detection. 

lOTE:  If  future  applications  show  that  a  higher  degree  of 

protection  is  needed,  the  length  of  the  FCS  sequence  shall 
be  increased  by  aultiples  of  eight  bits.  This  requires  a 
higher  degree  generator  polynoaial  the  iapleaentation  of 
which  is  outside  of  this  standard. 

3.6  Abort 

w 

iboct  is  the  procedure  by  which  a  station  in  the  process  of 
sending  a  fraae,  ends  the  fraae  in  an  unusual  aannec  such 
that  the  receiving  station  will  ignore  the  frame. 

Aborting  a  fraae  is  performed  by  transmitting  at  least 
seven#  but  less  than  fifteen,  contiguous  one  bits  (with  no 
inserted  zeros).  Receipt  of  seven  contiguous  one  bits  is 
interpreted  as  an  abort.  Receipt  of  fifteen  or  eore 

contiguous  one  bits  is  interpreted  as  an  abort  and  Idle  Link 
State  (see  Secticn  3.9)  . 

3.7  Transparency 

AOCCP  provides  transparency  for  data  coded  in  the 

Inforaation  field.  The  occurrence  of  the  flag  sequence 
within  a  fraae  is  prevented  via  a  '*zero  bit  insertion** 
procedure  as  follows: 

The  transaitter  inserts  a  zero  bit  following  five 
contiguous  one  bits  anywhere  between  the  beginning  flag 
and  the  ending  flag  of  the  frame.  The  insertion  of  the 
sero  bit  thus  applies  to  the  contents  of  the  Address, 
Control,  Info  and  FCS  fields  (including  the  last  5  bits 
of  the  FCS) .  The  receiver  continuously  aonitors  the 
received  bit  stream;  upon  receiving  a  zero  bit  followed 
by  five  contiguous  one  bits,  the  receiver  inspects  the 
following  bit:  If  a  zero,  the  5  one  bits  are  passed  as 
data  and  the  zero  bit  deleted.  If  the  sixth  bit  is  a 
one,  the  receiver  inspects  the  seventh  bit;  if  it  is 
sero,  a  flag  sequence  has  been  received;  if  it  is  a  one 
an  abort  has  bean  received  (See  Section  3.6)  . 
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3.8  Active  Link  State 

A  link  is  in  an  ACTIVE  state  vhen  the  Pcimary  oc  a  Secondary 
is  actively  transaitting  a  fraae,  an  abort  sequence^  or 
interframe  tiice  fill.  Hhen  the  link  is  in  the  active  state 
the  right  of  the  transaitting  station  to  continue 
transmission  is  reserved. 

3.8.1  Interfraae  Time  Pill 

/ 

Interfraae  tine  fill  is  accoaplished  by  transmitting 
continnoQS  flags  between  fraaes.  There  is  no  provision  for 
intrfiframe  tine  fill.  (See  also  Appendix  B.) 

3.9  Idle  Link  State 

A  link  is  defined  to  be  in  an  IDLE  state  vhen  a  continuous 
ones  state  is  detected  that  persists  for  15  bit  tiaes. 

Idle  link  time  fill  is-  defined  to  be  a  continuous  one 
condition  on  the  link. 

3.10  Invalid  Frame 

An  invalid  fraae  is  defined  as  one  that  is  not  properly 
bounded  by  two  flags  (thus  an  aborted  fraae  is  an  invalid 
frame),  or  one  which  is  too  short  (that  is,  shorter  than  32 
bits  between  flags) .  A  Secondary  will  ignore  any  invalid 

frame. 

3.11  Order  of  Bit  Transmission  • 

Addresses,  coaaeknds  emd  responses,  and' sequence  numbers  are 
to  be  transmitted  low  order  bit  first  (e.g.,  the  first  bit 
of  sequence  number  that  is  transmitted  carries  the  weight 

2«)  . 

The  order  of  bit  tremsaission  for  data  contained  within  the 
Inforsation  field  is  application-dependent  and  not 
specified. 

The  order  of  bit  transmission  for  the  PCS  is  aost 

significant  bit  first  (See  A  ppendix  D)  . 
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FBAfl  E 

.  - - -  -  --  ,  . . .  ,  ^  . 

First  Bit 
Transuitted 


F 

A 

C 

(Info) 

FCS 

F 

1  01111110 

1  Bote  1 

Note  2 

1  Note  3. 

Xis - 10 

01111110 

.  '  Flag 

Address 

Control 

Information 

Frame  Check 

Flag 

Se^oence 

Field 

Field 

Field 

Sequence 

Sequence 

lote  1.  Address  Field  formats  described  in  Sections  4.2  S  4.  3 

■ote  2.  Control  Field  formats  described  in  Sections  5.2.1  6  5.2.2 

■ote  3.  Information  Field  may  be  any  number  of  bits  ^0. 


gBOCTgBAL  RELATIOMSHIP  OF  PEFIBED  FIELDS  II  APCCP  FOBHAT 

Figure  3.1 
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4.0  SECONDARY  LINK  ADDRESS  FIELD 
4.1  Addressing  Bodes 

Two  addressing  nodes  are  d'^fined  for  the  secondary  station 
link  address  field.  These  irodes  ace  mutually  exclusive  for 
any  given  Secondary  on  a  link  and  therefore  the  addressing 
mode  must  be  explicitly  specified. 

4.2-  Secondary  Link  Address  Field  **  Basic  Address  Bode 

In  basic  node,  the  secondary  link  address  field  contains  one 
address,  which  ,nay  be  a  single,  group,  or  global  secondary 
address.  This  field  consists  of  one  octet  with  the 
following  foraat: 

Address  Field 

Bit  flnmber  ■  ■  .  ■  . . >-  12345673 


Address - - 

Least  Significant  Bit 
First  Bit  Transmitted 

4.3  Secondary  Link  Address  Field  -  Extended  Address  Bode 

In  extended  node,  the  secondary  link  address  field  is  a 
sequence  of  octets  which  comprises  one  address  which  oay  be 
a  single,  group,  or  global  Se~ondary  address.  Bhen-the 
first  bit  of  an  address  octet  is  "O'*,  the  following  octet  is 
an  extension  of  the  address  field.  The  address  field  is 
terninated  by  an  octet  having  a  "1"  in  bit  position  one. 
Thns,  the  address  field  is  recursively  extendable.  The 
foraat  of  the  extended  secondary  link  address  field  is: 
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The  address  of  eight  "I**  bits  (11111111)  is  reserved  as  the 
global  (universal*  or  broadcast)  address. 

The  global  address  is  used  in-  situations  where  a  specific 

Secondary  address  is  not  known  (e. g. *  switched  connection)* 

or  is  not  necessary  to  the  situation  (e.g.*  broadcast  transmission). 

4.5  lull  Address  - 

The  address  of  eight  **0"  bits  (00000000)  is  reserved  as  the  null 
(no-station)  address. 

The  null  address  is  used  in  situations  where  it  desired  to  exercise 
a  station  transnit  ability  without  requiring  remote  station  action 
or  reply. 
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5.0  TBAHSmsSION  PABAMETERS  AMD  FOHBATS 

5. 1  Pacanetecs 

Tke  various  paraaetecs  associated  with  the  transmission 
formats  are  described  ia  the  following  Sf;.jtions. 

5.1.1  Rodulus 

Each  Information  (I)  frame  is  seguentially  numbered  and  aay 
have  the  value  0  through  modulus  minus  1  (where  modulus  is 
the  aodulus  of  the  sequence  nunbers).  Rodulus  equals  8  for 
the  fcasic  control  field  and  128  for  the  extended  control 
fie'ld.  The  sequence  numbers  cycle  through  the  entire  range. 

The  BaziauB  nuaber  of  sequentially  numbered  I  fraaes  that 
the  Primary  or  Secondary  may  have  outstanding  (i.e., 
unacknowledged)  at  any  given  time  may  never  exceed  one  less 
than  the  HOOOLDS  of  the  sequence  numbers.  This  restriction 
is  to  prevent  any  ambiguity  in  the  association  of 
transnitted  I  fraaes  with  sequence  numbers  during  noraal 
operation  and/or  error  recovery  action.  The  nunber  of 
outstanding  I  frames  aay  be  further  restricted  by  either  the 
sending  or  receiving  station  storage  capability;  e.g.,  the 
DUBber  of  I  frames  tnat  can  be  stored  for  transmission 
and/or  retransmission  in  the  event  of  a  transmission  error. 

5.1.2  Frame  Variables  and  Sequence  Numbers 

In  iOCCP” Independent  Numbering  operation  each  addressed 
Secondary  station  maintains  a  separate  (independent)  Send 
Sequence  Number ,  M(S),  and  a  Receive  Sequence  Number,  M  (B) , 
on  the  I  fratres  it  sends  and  receives.  Each  Secondary 
station  then  maintains  an  N  (S)  number  on  the  frames  it 
transmits  to  the  Primary,  and  an  N(B)  nuBber  on  the  I  frames 
it  has  correctly  received  from  the  Primary.  In  the  same 
Banner  the  Primary  maintains  separate  N  (S)  and  N  (R)  numbers 
for  I  fraaes  sent  to  and  received  from  each  Secondary  on  the 
link. 


/ 
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5.1.3  Send  State_?ariable,  S 

A  Pcinacy  staticn  and  all  Seccndacy  stations  capable  o£ 
tcansnitting  I  frames  have  a  state  variable,  S,  which 
denotes  the  sequence  nunber  of  the  next  in  sequence  I  frane 
to  be  trajssmitted.  s  can  take  on  the  value  0  through 
HODULOS  -1.  (Hhere  aODULUS  is  the  nodulus  of  the  sequence 
nunbecing  scheme  and  the  nunbers  cycle  through  the  entire 
range)  .  The  value  of  s  is  incremented  by  one  with  each 
successive  I  frane  t ransaission,  but  cannot  exceed  M  (B)  of 
the  last  receiv^id  frame  by  more  than  BODQLOS  -I. 

5.  1..4  Send  Sequence  Humber,  li(S) 

•  r 

Only**  I  frames  contain  M(S),  the  sequence  number  of 
transnitted  frane.  Prior  to  transnission  of  an  in  sequence 
I  frame,  the  value  of  H  (S)  is  updated  to  equal  the  value  of 

S. 

5.1.5  Beceive  State  Variable,  B 

A  Primary  station  and  all  Secondary  stations  capable  of 
receiving  I  franes  have  a  state  variable,  B,  which  denotes 
the  sequence  number  of  the  next  in  sequence  I  frame  to  be 
received.  B  can  take  on  the  values  0  through  BODQLOS  -1 
Cehere  BODQLOS  is  the  modulus  of  the  sequence  numbering 
scheae  and  the  numbers  cycle  through  the  entire  range).  The 
value  of  B  is  increneated  by  the  receipt  of  an  error  free  in 
sequence  I  frame  whose  send  sequence  number,  ll(S)  ,  equals  R. 

5.1.6  Beceive  Sequence  Humber,  H(B) 

All  I  frames  and  S  frames  contain  r  (B)  #  the  expected 
sequence  nunber  of  the  next  received  I  frane.  Prior  to 
transmission  or  retransmission  of  a  frame  of  the  above 
types,  the  value  of  H(B)  is  updated  to  equal  the  current 
walue  of  B.  H  (B)  indicates  that  the  station  transmitting 
the  B(B)  .has  correctly  received  all  I  franes  numbered  up  to 
and  including  H  (B)-1. 

5.1.7  Poll/Pinal,  P/F,  Bit 

The  Poll  (P)  bit  is  used  by  the  Prinary  to  solicit  (poll)  a 
response  or  sequence  of  responses  from  Secondary  stations. 

The  Final  (F)  bit  is  used  by  a  Secondary  to: 


I 
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1)  indicate  In  ABM  the  response  frane  sent  in  reply  to  the 
receipt  of  a  poll  coinnand. 

2)  in  IBB  to  indicate  the  final  frame  transmitted  as  the 
result  of  a  previous  poll  conaeuid. 

See  Section  6.1  for  further  description  of  the  P/P  bit 
operation. 


5.2  Control  Field  Formats 

The. .three  f ornate  defined  for  the  Control  field  are  used  to 
perforn  infomation  transfer,  basic  supervisory  control 
functions,  and  special  or  infrequent  control  functions. 

5.2.1  Basic  Control  Field 

The  basic  control  field  accomodates  modulo  8  R(S)  and  N  (B) 
sequence  nuubering. 


First  Bit  Transaitted  - 

Control  Field  bits: 
luforaation  Transfer,  I 
Supervisory  Coanands/Bespon3e,S 
Onnunbered  Coirmands/Besponses,  0 


< - -  control  Field - H 


i  1 

2 

3 

4 

5 

6  7  B  1 

a 

H(S) 

P/F 

R(B) 

0 

S 

S  ! 

P/F 

M(B) 

L 

1 

H 

z! 

P/F 

B  H  H 

•here: 


l(S)  =  Transmitting  station  send  sequence  number. 
(Bit  2  =  Low  Order  Bit) 

W{B)  =  Transmitting  station  receive  sequence  number. 
(Bit  6  =  Low  Order  Bit) 

S  ~  Supervisory  function  bits 
H  «  Hodifier  function  bits 
P/F  =  Poll  bit  -  Priaary  transaissions. 

Final  bit  -  Secondary  transaissions. 
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(1  =  Poll/Final)  ' 

5.2.2  Extended  Control  Field 

Tbe  extended  control  field  accoaaodates  aodulo  128  N (S)  and 
H(B)  segaence  numbering.  (On  long  propogation  delay  links 
(e.g. ,  satellite  transaission)  it  is  desirable  for  reasons 
of  efficiency  to  extend  the  modulus  of  the  sequence  numbers 
I  (S)  and  H(E)  .  The  method  of  extension  is  defined  belov. ) 


Control  field  extension  for  the  three  formats  is  as  follows: 


< - 

1  st  c 

First  Bit  Transaitted- 


1/: 


Inforaation  Pocaat 
Superwisory  Poraat 
Unnumbered  Format 


Control  Field  Bits 


5  6 


— > 

^ - 

CD 

9  10 

•here  X  bits  are  reserved  and  set  to  **0” 
5.3  Inforaation  Transfer  Foraat  -  I 


2nd  Octet 


11  12  13  14  15 


0  M(S) 

1  0 

S  S 

X  X  X  X 

1  1 

H  n 

p/p 

n  H  n 

P/F 


P/F 


P/F 


H(R) 


H(B) 


The  I  format  is  used  by  Primary  and  Secondary  stations  to 
perform  an  inforsaticn  transfer. 

The  functions  of  N(S),  M  (R)  ,  .md  P/F  are  independent;  i.e., 
each  I  fraae  has  an  I1(S)  sequence  nuaber,  the  If  (B)  sequence 
number  may  or  may  not  acknowledge  additional  I  frames  at  the 
receiving  station,  aid  the  P/F  bit  aay  or  nay  not  be  set  to 

•1". 


5.4  Supervisory  Fora  it  -  S 

The  S  foraat  is  used  to  per  fora  link  supervisory '  control 
functions  such  as  acknowledge  I  frames,  request 
re transaission  of  I  fraaes,  and  indicate  temporary 
interruption  of  capuility  to  receive  I/UI  frames. 


13 


KDERAL  REGISTEI,  VOi.  40,  NO.  24S— FtlDAY,  DECEMBER  19,  1975 


58990 


NOTICES 


X3S34/589 
DB&FT  4 
15  August  1975 


5.5  Onnuxnbeced  Focaat  -  0 

The  n  focaat  is  used  to  provide  additional  Frinacy  and 
Secondary  lint  control  functions.  This  fornat  contains  no 
sequence  numbers  and  consequently  5  "modifier"  bit  positions 
are  available  which  allows  definition  of  up  to  32  additional 
command  and  32  additional  response  functions. 
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PRAMS 


Picst  Bit 
Transaitted 


(Info) 


PCS 


I  Jocaat: 


S  Fonaat: 


0  Fotaat: 


0  1I(S) 

p/p 

»CB) 

L  li 

1  1 
;  s 

(  f 

R 

•  ^ 

9  «i 

B  i 

)  B 

1  0 

s  s 

P/F 

H(R) 

] 

i 

•  1 

L  R 

#  li  ^ 

B  B 

LIl 

\ll 

jp/F 

R  H  B  1 

LSB  '  Least  significant 
MSB  -  Host  significant 


gQSITIOHAt  SIGilFOTlCE  OP  BITS  IH  FIELDS  OP  APCCP  BMIC  TOMIg 

Figure  5-1 
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6.0  SECONDABY  BODES 

6.1  Operational  Bodes 

There  are  two  link  level  operational  modes:  Normal  Response 
Bode  (HBB)  and  Asynchronous  Response  Bode  (ABN) •  A 
Secondary  in  either  of  these  icodes  is  fully  operational  and 
capable  of  transaitting  and  receiving  I,  S,  and  0  format 
frames. 

A 

Secondary  stations  do  not  gneue  sequential  responses  for 
command  frames  received.  A  Secondary  station  response  is 
.predicated  on:  station  status  at  that  tine  the  response 

is,,  transmitted;  2)  an  exception  condition  previously 
established,  or;  3)  the  previous  receipt  of  a  command  which 
requires  a  specific  response  format. 

6.1.1  Hormal  Response  Rode,  HBB 

IBB  is  a  Secondary  station  operational  mode  in  which  the 
Secondary  station  may  initiate  transmission  only  as  the 
result  of  receiving  a  command  frame  with  the  Poll  (P)  bit 
set  to  **1**.  Upon  receiving  a  command  frame  with  the  P  bit 
set  to  **1"  the  Secondary  station  shall  initiate  a  response 
tcansnission.  The  response  transmission  may  consist  of  one 
or  more  frames  while  maintaining  an  Active  Link  State.  In 
all  cases  the  last  frame  of  the  response  trananission  will 
have  the  Final  (F)  bit  set  to  "1”.  When  the  response  frame 
with  the  F  bit  set  to  "I**  is  transmitted  the  Secondary 
station  will  stop  transmitting  and  not  initiate  ' any 
additional  transmission  until  a  subsequent  command  frame  is 
received  with  the  P  bit  set  to'^l”. 

The  1(B)  number  of  a  received  frame  which  has  the  Poll 
(coaaand)  or  Final  (response)  bit  set  to  **1**  will  cause  the 
receiving  station  to  initiate  appropriate  recovery 
procedures  if  all  I  frames  transmitted  previous  to  and/or 
concurrent  with  the  last  frame  which  was  transmitted  with 
the  Poll  (Primary)  or  Fin2d  (Secondary)  bit  set  to  ”1**  have 
not  been  acknowledged.  In  all  cases  the  receipt  of  an  I  or 
S  foreat  frame  will  confirm  previously  transmitted  I  frames 
through  li(B)-1. 

■ornal  ■  Response  '  Nods  Extended,.  NBBE,  is  operationally 
identical  to  IBB  except. that  for  the* extended  control  field. 
See  Section  5.2.2. 
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6.1.2  Asyochconoas  Response  Rode,  ARH 

ASH  is  a  Secondary  station  operational  node  in  which  the 
Secondary  station  nay  initiate  transmission  without  regard 
to  the  receipt  of  a  coaaeuDd  fraae  with  the  Poll  bit  set  to 
*1*.  Asynchronous  transmission  nay  be  initiated  at  the 
first  respond  opportunity*  which  for  two-way  alternate  (TIA) 
transmission  is  detection  of  an  Idle  Link  State*  and  for 
two-way  siDul^aneous  (TVS)  transanission  is  immediately.  An 
asynchronoas  transaission  nay  contain  multiple  frames  and  is 
ased  to  initiate  irforoation  transfer  (I/OI)  and/or  to 
report  status  changes  in  the  Secondary  Station*  (e.g.*  N  (R) 
number  change*  transition  froa  a  ready  to  a  busy  condition 
or  wise  versa*  estab lishrcent  of  an  exception  condition.) 

The  Secondary  station  will  transmit  a  frame  with  the  Pinal 
bit  set  to  ”1  **  only  in  response  to  a  received  coanand  fraae 
with  the  Poll  bit  set  to  **1".  Following  the  receipt  of  a 
coanand  fraae  with  the  Poll  bit  set  to  **1**  the  Secondary 
station  must  initiate  a  response  transaission  with  the  Pinal 
bit  set  to  **  1**  •  Additional  response  frames  may  be 
transaitted  following  the  response  fraae  which  had  the  Final 
bit  set  to  "1 

In  the  case  of  a  TRS  Secondary  station  which  is  in  the 
process  of  transmitting  when  the  command  with  the  Poll  bit 
set  to  "1"  is  received*  the  Pinal  bit  will  be  set  to  "1"  in 
the  earliest  possible  subsequent  frame  to  be  transmitted. 

The  l(R)  nuDber  of  a  received  frame  which  has  the  Poll 
(coanand)  or  Final  (response)  bit  set  to  **1"  will  cause  the 
receiving  station  to  initiate  appropriate  recovery 
procedures  if  all  I  frames  transaitted  previous  to  and/or 
concurrent  with  the  last  frame  which  was  transmitted  with 
the  Poll  (Priaary)  or  Final  (Secondary)  bit  set  to  "1"  have 
not  been  acknowledged. 

In  ABH  a  Secondary  station  has  a  response  timer  which  will 
cause  initiation  of  appropriate  recovery  proce  :res  if 
previously  transmitted  frames  have  not  been  acknr  -  .-dged  by 
the  Primary  station  within  a  system  specified  timeout 
period.  Since  simultaneous  contention  may  occur  in  the  case 
of  THA  configurations*  the  interval  employed  by  the 
Secondary  station  must  be  greater  than  that  employed  by  the 
Priaary  '  station  so  cis  to  perait  contention  situations  to  be 
resolved  in  favor  of  the.Prinary  station. 
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Asynchronous  Response  node  Extended,  ARHE,  is  operationally 
identical  to  AHH  except  for  th<^  extended  control  field.  See 
Section  5.2.2. 

6.2  Disconnected  nodes 


There  are  two  link  level  disconnected  raodes:  Normal 

Disconnected  Bode  (NDB)  and  Asynchronous  Disconnected  node 
|ADI1)«  These  disconnected  modes  are  provided  to  prevent  a 
Secondary  fron  appearing  on  the  link  in  a  fully  operational 
mode  during  unusual  situations  or  exception  conditions  since 
.such  operation  .could  cause  1)  unintended  contention  in  ABB, 
2)  ..  sequence  nuaber  aisaatch  between  the.  Primary  and 
Secondary,  or  3)  ambiguity  in  the  Primary  as  to  the 
Secondary  status  or  mode. 

In  MDH  or  ADB  the  Secondary  is  logically  disconnected  from 
the  data  link;  i. e. ,  no  information  field  (I/OI)  or  S  fraaes 
are  transmitted  or  accepted.  The  Secondary  capability  in 
either  IDH  or  AOfl  is  limited  to  1)  accepting  one  of  the 
« mode-setting  ccirnands,  2)  transmitting  a  DB  or  RIB  response 
f  fraae  at  each  respond  opportunity,  and  3)  responding  to  an 
XID  coaaand. 

A  Secondary'  is  system  defined  as  to  the  condition(s)  that 
cause  it  to  assume  one  of  the  two  predetermined  modes  (ADH 
or  HDR)  . 

Bxaaples  of  possible  conditions  (in  addition  to  receiving  a 
DISC  cononand)  which  may  cause  a  Secondary  to  change  to  a 
disconnected  aode  ace: 

1.  the  Secondary  power  is  turned  on 

2.  the  Secondary  has  a  temporary  loss  of  power 

3.  the  Secondary  link  level  logic  is  manually  reset 

4.  the  Secondary  terminal  is  manually  switched  from 
a  local  (home)  condition  to  a  connected -to -the -link 
(on-line)  condition. 

i  Secondary  in  NDB  or  ADR  nay  not  establish  a  Command  Reject 
exception  condition. 
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6. 2.1  NorEal  Disconnected  Hode,  NDH 

IDfl  is  a  Secondary  disconnected  mode  in  which  the  Secondary 
is  logically  disconnected  from  the  data  link  (i*e.,  not  in 
an  operational  status)  and  has  normal  mode  respond 
opportunity  protocol;  i,e«,  it  nay  initiate  a  response 
transmission  (per  Section  6.1.1)  only  as  the  result  of 
receiving  a  comirand  frame  with  the  P  hit  set  to  "1**. 

In  this  node  a  Secondary' act  ions  only  mode  setting  and  XID 
coaaands.  Valid  conaands  received  with  the  P  bit  set  to  "1** 
cause  a  Secondary  in  HDH  to  respond  with  a  Disconnect  (lode 
(OH)  response  or«  if  the  Secondary  deteraines  it  is  unable 
to  continue  functioning,  a  request  for  initialization  (BIH) . 
Valid  coamands  received  with  the  P  bit  set  to  "O'*  are 
ignored  by  the  Secondary. 

6.2.2  Asynchronous  Disconnected  Rode,  ADR 

ADR  is  a  Secondary  disconnected  node  in  which  the  Secondary 
is  logically  disconnected  from  the  data  link  (i.e.,  not  in 
an  operational  mode)  zmd  has  asynchronous  respond 
opportunity  protocol;  i.e.  ,  it  my  -initiate  a  response 
transaission  (per  -  Section  6.1.2)  in  THA  exchange  upon 
detection  of  an  Idle  Link  State,  and  in  TVS  exchange  at  any 
tine.  Such  a  response  transmission  will  only  consist  of  a 
request  for  logical  connection  to  the  Primary  (DH )  or,  a 
request  for  initialization  (BIR)  if  the  Secondary  determines 
it  is  unable  to  continue  functioning. 

In  this  mode  a  Secondary  actions  only  mode  setting  and  XID 
commands. 

6.3  Initialization  Rode,  IH 

IH  is  a  mode  of  operation  in  which  the  Secondary  link 
control  program  is  initialized  or  regenerated  by  Primary 
action.  IR  is  invoked  when  a  Primry  concludes  a  Secondary 
is  behaving  abnormally  and  needs  its  link  control  program 
corrected,  or  to  remotely  upgrade  the  Secondary's  link 
control  program.  In  like  manner  a  Secondary  may  determine 
it  is  unable  to  continue  functioning  due  to  prog ran  checks 
and  request  IH  to  obtain  a  good  program  from  the  Primary. 

A  Secondary  enters  the  IH  upon  sending  a  DA  response  in 
reply  to  the  receipt  of  a  Set  Initialization  Rode  (SIR) 
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command.  The  Seccndary  may  ce guest  Sin  by  sending  Bequest 
Initialization  node  (Bin).  In  IH,  the  Primary  and  Secondary 
■ay  exchange  information  in  any  manner  specified  for  that 
Secondary  station  (i.e.,  unformatted  and  unchecked  bit 
streaas,  01  frames,  or  1  frames) .  IH  is  ended  vhen  the 
Secondary  receives,  actions,  and  acknowledges  (via  a  OA 
response)  a  node  setting  command,  i.e.,  SMBH,  SARH,  SMBME, 
SAIBE,  or  DISC. 


20 


FEORAL  REGISTEt,  VOL  40,  NO.  245— FRIDAY,  DECEMKR  IV,  1V75 


NOTICES 


X3S34/589 
DBATT  4 
15  Augast  1975 


58997 


7.0  COHHAIIDS  AID  BESPONSES 

This  standard  defines  the  link  control  operation  of  each 
secondary  station  control  in  terras  of  command  frames, 
response  franes  and  internal  sodes.  The  actual  link 
■anageraent  procedure  (i.e.,  sequence  of  commands  and  related 
responses)  is  application  and  link  configuration  dependent. 
Consequently,  specific  P tinary  command  sequences  are  not 
defined  bat  left  to  the  designer  of  the  prieary  link 
control. 


Sections  7.1  through  7.3  contain  the  definition  of  the  set 
of  .  coeeands  and  responses  (listed  belov)  for  each  of  the 
transoLission  formats. 


lafQrnatioB.TcahSlec  forma t  ccipMnds 

I  Infornation 

II  -  leceive  Beady 

IBB  BeceivB  lot  Beady 

lEJ  -  Reject 

SBBJ  •  Selective  Reject 


Inforration  Transfer  Format,  Beapf|f)i 
I  •  Infornation 

SgpervisocT  Foriat  Besponses 

BR  -  Receive  Ready 

BIB  >  Receive  lot  Ready 

REJ  -  Reject 

SBBJ  *  Selective  Reject 
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Bode  Setting  Coggands 

SBBH  -  Set  Horsal  Response  Bode 
SABR  -  Set  Asynchconous  Response 
SBBHE  *  Set  Moraal  Response  Node 
Extended 

SAB BE  ~  Set  Asynchronous 

..  Response  Bode  Extended 
SIB  -  Set  Initialization  Rode 
DISC  >  Disconnect 


Unnanbered  Poraat  Responses 


Rode  Setting  Responses 

UA  -  Onnunbered  Acknowledge 

DH  -  Disconnected  Rode 

BIH  Request  Initialization  Rode 

RD  -  Request  Disconnect 


ysf  OCT.i  tion  Transfer  Coaaands  Inforaation  Transfer  Responses 

01  -  Onnunbered  Inforioation  Ol  -  Onaumbered  Information 

OP  ~  Onnunbered  Poll 


lecowery  Coanands  Recovery  Responses 

BSPR  *  Response  Reject  CRDB  -  Coanand  Reject 


Biscellaneous  Coaaands  H iscellaneous  Responses 

OSBB  -  Oser  Defined  (4  code  OSER  -  User  Defined  (4  code 

positions)  positions) 

XID  •  Exchange  Identification  XID  -  Exchange  Identification 


7.1  Information  Transfer  Pormat,  I,  Coirmand  and  Response 

The  function  of  the  Information,  I,  command  and  response  is 
to  efficiently  transfer  sequentially  numbered  fram<^s 
containing  an  information  field  across  a  link. 
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Yhe  eucodiug  of  the  I  coaa  \ad/cesponse  control  field  is: 


I  Fora at  Coaaand/Besponse 
Control  Field  Bits  - 


Inf ora at ion 
Transfer  Foraat 


I  Receive 

I  Seguence 

I  Number 

f  Hodulo  8 


Coaaaod 

Poll 

Response 

Final 

■ 

Send 

Sequence  luaber 
, Hodulo  8  ' 


The  I  frame  control  field  contains  two  sequence  numbers: 
■  (S) «  Send  Sequence  Nuaber,  which  indicates  the  sequence 
number  associated  with  the  I  frame;  M(8) ,  Receive  Sequence 
luuber  which  indicates  the  sequence  nuaber  of  the  next 
expected  I  frame  to  be  received  (i.e, ,  I  frames  numbered  up 
to  and  including  M(fi)-1  have  been  correctly  received). 

in  I  frame  with  P  bit  set  to  "I**  nay  be  used  to  reset  a  busy 
condition  that  was  initiated  by  the  transmission  of  BNR. 
See  Section  7.2.2.- 

See  Section  6.1  for  description  of  P/F  bit  operation. 
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7.2  SupervisoTY  Focaat*  S,  Coamauds  and  Responses 

Sapervisorj#  S,  ccmniands  and  responses  are  used  to  perform 
basic  supervisory  lint  control  functions  such  as  I  fratne 
acknovledgenent,  polling,  temporary  interruption  of 
inforaation  (I/OI)  transfer,  and  error' recovery. 

Prases  with  the  S  foraat  do  not  contain  an  information  field 
and  therefore  do  not  ircrement  the  Send  Sequence  Numbers 
l(S)  at  either  the  transmitting  or  receiving  station. 
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The  encoding  o£  the  s  coauna nd/response  control  field  is: 


Supervisory  Format 
Control  Field  Bits 


First  Bit  Transaitted 

1 


‘Z 


3  4 


1  0 

s 

[P/F 

N(S) 

1 


Supervisory 

Format 


I  I 


Command  Receive 
Poll  Sequence' 
Number 
Hodulo  8 

Ra  sponsB 
Final 


% 


Conaands 

. 

Responses 

BB  •  Receive  Beady 

00 

Receive  Ready 

BBB  -  Receive  Mot  Ready 

10 

BMR  >  Receive  Not  Ready 

BEJ  -  Reject 

01 

BSJ  -  Reject 

SBEJ  -  Selective  Reject 

11 

SREJ-  Selective  Reject 

A  S  fraae  contains  an  N(B)#  Receive  Sequence  Humber*  which 
indicates  the  sequence  nuaber  of  the  next  expected!  fraoe 
to  be  received  (i.e.  *  all  received  I  frames  numbered  up  to 
and  including  N(B)*1  have  been  correctly  received.)  See 
Section  6.1  for  description  of  the  P/F  bit  operation. 
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7.2.1  Receive  Ready^  RR,  Comirand  and  Response 

The  receive  Ready,  BR,  is  used  by  the  Primary  or  Secondary 
to:  1)  indicate  it  is  ready  to  receive  an  I  frame  2) 
acknowledge  previously  received  I  numbered  up  to  and 
including  M  (R)-1. 

The  Primary  may  use  the  BB  ccmmand  with  the  Poll  bit  set  to 
"1"  to  solicit  responses  from  (poll)  Secondary  stations. 

An  RB  frame  may  be  used  to  reset  a  busy  condition  that  was 
initiated  by  the  transmission  of  BNR.  See  Section  7.2.2. 

7. 2. 2 'Receive  Mot  Ready,  BMR ,  Command  and  Response 

The  Receive  Mot  Ready,  HNR,  is  used  by  the  Primary  or 
Secondary  to  indicate  a  "busy”  condition;  i.e. ,  the 
temporary  inability  to  accept  additional  incoming 
information  (I  or  01)  frames.  I  frames  numbered  up  to  and 
including  H  (B)-1  are  acknowledged.  I  frame  M  (B)  and  any 
subsequent  I  frames  received,  if  any,  are  not  acknowleaged; 
the  acceptance  status  of  these  frames  will  be  indicated  in 
subsequent  exchanges. 

A  Secondary  station  receiving  an  RNR  frame  when  in  the 
process  of  transmitting  (i.e.,  a  TUS  station)  is  to  stop 
transmitting  at  the  earliest  possible  time  by  completing  or 
aborting  the  frame  in  process. 

The  Primary  station  lay  use  the  RMB  command  with  the  Poll 
bit  set  to  " T"  to  obtain  the  receive  status  of  a  Secondary 
station.  The  Secondary  response  will  be  either  BR,  BMR,  or 
a  0  frame  with  the  Pinal  bit  set  to  "1". 

See  Section  8.1,  Busy  Condition,  for  further  details  on  BMR. 
7.2.3  Reject,  RBJ,  Command  and  Response 

The  Beject,  BEJ,  is  used  by  the  Primary  or  Secondary  to 
request  retransmission  of  I  frames  starting  with  the  frame 
numbered  M  (R)  .  I  frames  numbered  N(R)-1  and  below  <ire 
acknowledged.  Additional  I  frames  pending  initial 
transmission  may  be  transmitted  following  the  retransmitted 
1  frame (s)  . 
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Only  one  REJ  exception  condition,  from  a  given  station  to 
another  station,  nay  be  established  at  any  given  time; 
another  BEJ  or  SBEJ  aay  not  be  transnitted  (i.e.,  actioned) 
until  the  first  REJ  exception  condition  has  been  cleared  at 
the  sender. 

The  BEJ  exception  condition  is  cleared  (reset)  upon  the 
receipt  of  an  I  fraae  with  an  H(S)  nuaber  equal  to  the  H  (B) 
of  the  REJ  conirand/response. 

in  BEJ  aaybe  used  to  reset  a  busy  condition  that  was 
initiated  by  the  transaission  of  BNR.  See  Section  7.2.2. 

See' S^tion  8.2  for’sequence  error  recovery  protocols. 

7.2.4  Selective  Beject,  SBEJ,  Conrmand  euid  Response 

The  Selective  Reject,  SBEJ,  is  used  by  the  Prinary  or 
Secondary  to  request  retransmission  of  the  single  I  frame 
nuabared  R  (R) .  I  fraaes  up  to  and  including  I1(R)-1  are 
acknowledged. 

The  SREJ  exception  condition  is  cleared  (reset)  upon  receipt 
of  an  1  fraae  with  an  N  (S)  nuaber  equal  to  the  M  (B)  of  the 
SBEJ  command/response.  f 

ifter  a  station  transmits  a  SBEJ  it  may  not  transmit  SBEJ  or 
BEJ  for  an  additional  sequence  error  until  the  first  SREJ 
error  condition  has  been  cleared.  (To  do  so  would 
acknowledge  as  correctly  received  all  I  fraaes  up  to  and 
including  Ii(R)-1,  where  M(R)  is  the  sequence  number  in  the 
second  SREJ  or  BEJ.) 

I  fraaes  that  aay  have  been  transmitted  following  the  I 
frame  indicated  by  the  SREJ  comimnd/ response  are  nat 
retransmitted  as  the  result  of  receiving  a  SBEJ.  Additional 
I  frames  pending  initial  transmission  may  be  transmitted 
following  the  retransmission  of  the  specific  I  frame 
requested  by  the  SBEJ. 

An  SREJ  nay  be  used  to  reset  a  busy'  condition  that  was 
initiated  by  the  transaission  of  RNR.  See  Section  7.2.2. 

See  Section  8-2  for  sequence  error  recovery  protocols - 


27 


59003 


FEDStAL  lEGISTBt,  VOU  40,  NO.  24S— HUOAY,  DECEMBH  19,  1975 


59004 


NOTICES 


X3S34/589 
DRAFT  4 
15  August  1975 


7.3  Unnumbered  Format,  U,  Commands  and  Responses 

OsnuBbered,  D,  coanands  and  responses  are  used  by  the 
PrlBary  and  Secondary  to  extend  the  nuober  of  link 
supervisory  functions.  0  Frames  do  not  increment  the  Send 
Seguence  Nuibers  M(S)  .at  either  the  transmitting  or 
receiving  station.  Five  "modifier”  bits  are  defined  which 
allow  up  to  32  additional  supervisory  functions. 

The  encoding  of  the  Q  command/response  control  field  is: 

Unnumbered  Format 

.  ‘  ,  Control  Field  Bits 


First  Bit  Transmitted 


1  2  3  4  5  6  7  8- 


Command 

Poll 

pespQUffQ 

Final 

See  Section  6.1  for  description  of  the  P/F  bit  operation. 

7.4  Unnumbered  Format  Commands 

Unnumbered  Format  commands  are  grouped  according  to  the 
function  performed: 
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-  Hode-setting  coaaands:  SHBH,  SABS,  SNSHE.  SABHE.  SIH, 

DISC 

*  Infocaation  txansfec  coauands;  UI,  op 

-  Becouery  coanands:  BSPR 

BiscellaneoQS  coaaaads:  QSEBO,  0SEB1«-  0SZB2,  0SEB3* 

XID 

The  following  U  ccmicands  are  defined;  other  commands  may  be 
defined  in  the  future  if  required.  All  bit  encodings  not 
defined  are  reserved. 


OOP 
IIP 
1  1  P 

1  1  P 

1  _  0  P 

OOP 
OOP 
OOP 
1  0  P 

0  1  P 

0  1  P 

0  1  P 

0  1  P 

TIP 


0  0  1 

0  0  0 

0  1  1 

0  1  0 

0  0  0 

0  1  0 

0.0  0 

10  0 

'  0  0  1 

0  0  0 

0  0  '  1 
0  1  0 

0  1  1 

1  0  1 


SHBa  Command 
SABH  Coaaand 
SIBME  Command 
SABRE  Coanand 
SIH  Command 
DISC  Coaaand 
01  Command 
OP  Coaaand 
BSPB  Command 
OSEBO  Coaaand 
QSEBI  Command 
0SEB2  Coaaand 
0SBB3  Command 
XID  Coaaand 


See  Section  6.1  for  description  of  the  P  bit  operation. 


The  SNBH,  SABH,  SHRHB,  SABHE,  SIH,  BSPB,  and  DISC  commands 
require  the  Secondary  to  acknowledge  acceptance  by 
responding  with  a  single  Onnunbered  Acknow ledgeaent,  QA, 
frame  at  the  first  respond  opportunity.  The  Secondary 
station  transaission  of  a  0  A  response  following  the  receipt 
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of  one  of  these  coniands  takes  precedence  over  any  other 
responses  which  nay  -  be  pending  at  the  Secondary.  If  more 
than  one  of  these  U  commands  is  received  by  a  Secondary 
prior  to  a  respond  opportunity*  a  single  OA  response  is 
transmitted  that  is  referenced  to  the  first  such  command 
received;  i.e. ,  any  additional  I*  S  or  0  commands 
subsequently  received  are  monitored  only  to  detect  the  next 
respond  opportunity  and  then  discarded. 

The  respond  opportunity  at  the  Secondary  is  determined  by 
the  mode  setting  command  received  (i. e. *  the  node  to  which 
the  Secondary  is  directed  dictates  when  the  response  is 
transmitted) . 

1.  upon  receipt  of  a  SNBH  or  SNRHE  command  with  the  P 
bit  set  to  "1***  the  Secondary  responds  with  a  single  DA 
frame  with  F  bit  set  to  "1**;  if  the  SMBR  or  SNRBE  P  bit 
is  set  to  "0”*  the  Secondary  waits  until  a  command  frame 
with  P  bit  set  to  "1**  is  received  and  then  responds  with 
a  single  OA  frame  with  the  F  bit  set  to  "1"*  or  until  a 
UP  command  (with  P  bit  set  to  **()”)  is  received  and  then 
responds  with  a  single  OA  frame  with  the  P  bit  set  to 
"O". 

2.  upon  receipt  of  a  SARH  or  SARHE  command  with  or 
without  the  P  bit  set  to  "1”  the  Secondary  will  transmit 
a  single  OA  frame: 

a.  upon  detection  of  an  Idle  Link  State  in  TV  A 
operation 

b.  immediately  in  TVS  operation. 

The  OA  frame  will  have  the  F  bit  set  to  "1"  if  the 
command  has. the  P  bit  set  to  "1". 

3.  Upon  receipt  of  a  SIN  or  a  DISC  command  the  Secondary 
will  respond  with  a  single  OA  frame  per  its  system 
defined  respond  opportunity;  i.e. *  a  given  Secondary  is 
system  defined  to  always  use  the  normal  mode  response 
opportunity  or  the  asynchronous  mode  response 
opportunity. 

HOTS:  The  protocol  defined  here  requires  that  the  Primary 

station  restrict  the  transmission  of  0  commands  which 
require  UA  responses  so  that  only  one  such  command  is 
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outstanding  (not  acknouledged)  to  any  given  Secondary  at  any 
given  tiae.  This  elininates  the  require  sent  for  the 
Secondary  to  queue  responses  and  prevents  any  anbiguity 
relative  to  the  neaning  c£  the  01  response. 

A  THA  Secondary  station,  following  the  receipt  of  one  of 
these  0  coaaands,  is  restricted  to  transaitting  a  single  QA 
response  frame.  h  TOS  Secondary  station  which  is 
transaitting  concurrent  to  the  receipt  of  one  of  these  0 
comnands  will  initiate  transmission  of  a  single  U1  response 
fraae  at  the  first  respond  opportunity.  The  Secondary  may 
continue  transaission  following  return  of  the  OA  response  as 
appropriate  to  its  ;respond  mode. 

'  7.4.1  IIod4* Setting  Coamands 

Bode^etting  coaaands  are  used  by  the  Priaary  to  reset  or 
change  the  node  of  the  addressed  Secondary.  Once 
established  a  mode  remains  in  effect  at  a  Secondary  until 
the  next  node -setting  coanand  is  received  and  actioned. 

7.4. 1.1  Set  Nornal  Response  Bode,  SMHR,  Conaand 

The  SHRB  ccmaand  is  used  to  place  the  addressed  Secondary 
station  in  the  HRB  where  all  control  fields  are  one  octet  in 
length.  So  inforaation  field  is  peraitted  with  the  SRRB 
command. 

The  Secondary  station  confirms  acceptance  of  SSRH  by 
transaission  of  a  OA  in  the  unextended  control  field  foraat. 
Opon  acceptance  of  this  conaand  the  Secondary  station  send 
and  receive  counts  are  set  to  xero. 

Previously  transaitted  I  frames  that  are  unacknowledged  when 
this  conaand  is  actioned  renain  unacknowledged. 
Transmission  of  SHBH  indicates  a  reset  of  a  Primary  busy 
condition  initiated  by  the  transaission  of  BHR.  See  Section 
7.2.2. 
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7.4.  1«2  Set  Asynchronous  Response  node,  SARB,  Coaunand 

The  SARH  command  is  used  to  place  the  addressed  Secondary 
station  in  ABN  where  all  control  fields  are  one  octet  in 
length.  Ho  infcrmation  field  is  permitted  with  the  SARH 
connand. 

The  Secondary  confiras  acceptance  of  SARH  by  the 
transmission  of  a  OA-  response  in  the  unextended  control 
field  format.  Opon  acceptance  of  this  coaunand  the  Secondary 
station  send  and  receive  sequence  counts  are  set  to  zero. 

Previously  transnitted  I  franes  that  are  unacknowledged  when 
this  command  is  actioned  remain  unacknowledged. 
Transnission  of  SABB  indicates  a  reset  of  a  Prinary  busy 
condition  initiated  by  the  transmission  of  RHR.  See  Section 

7.2.2. 

7. 4. 1.3  Set  Normal  Response  Bode  Extended,  SHRHE,  Command 

The  SMBBB  command  is  used  to  place  the  addressed  Secondary 
station  in  HRNE  where  all  control  fields  will  be  two  octets 
in  length  as  defined  in  Section  5.2.2.  Ho  information  field 
is  permitted  with  the  SNRBB  ccmmand. 

The  Secondary  station  confirms  acceptance  of  SHRHE  by 
transnission  of  a  OA  response  in  the  extended  control  field 
format.  Opon  acceptance  of  this  command  the  Secondary  send 
and  receive  counts  are  set  to  zero. 

Previously  transmitted  I  frames  that  are  unacknowledged  when 
this  command  is  actioned  remain  unacknowledged. 
Transnission  of  SNRBB  indicates  a  reset  of  a  Prinary  busy 
condition  initiated  by  the  transmission  of  BHB.  See  Section 

7.2.2. 

7. 4. 1.4  Set  Asynchronous  Response  Bode  Extended,  SABBE, 
Command 

The  SABRE  command  is  used  to  place  the  addressed  Secondary 
station  in  ABBE  where  all  command/ response  control  fields 
will  be  two  octets  in  length  as  defined  in  Section  5.2.2. 
Ho  information  field  is  permitted  with  the  SABRE  conuiand. 

The  Secondary  station  confirms  acceptance  of  SABIE  by 
transmission  of  a  UA  response  in  the  extended  control  field 
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format.  Upon  acceptance  of  this  command  the  Secondary  send 
and  receive  counts  are  set  to  zero. 

Previously  transmitted  I  frames  that  are  unacknovledged  when 
this  command  is  actioned  retrain  unacknowledged. 
Transmission  of  SABRE  indicates  a  reset  of  a  Primary  busy 
condition  initiated  by  the  transmission  of  BUB.  See  Section 

7.2.  2. 

■Ct:  p  - 

7. 4. 1.5  Set  Initialization  Rode,  SIR,  Command 

The  SIR  command  is  used  to  cause  the  addressed  Secondary  to 
inijtiate  a  station- specified  procedure  to  initialize  its 
link  X^vel  control  functions  (e.g.»  accept  a  new  program  or 
update  operational  parameters).  Mo  information  field  is 
permitted  with  the  SIR  comnand. 

The  Secondary  station  confirms  acceptance  of  SIR  by 
transmission  of  a  UA  response.  Upon  acceptance  of  this 
command  the  Secondary  station  send  and  receive  sequence 
numbers  are  set  to  zero. 

Previously  transmitted  I  frames  that  are  unacknowledged  when 
this  command  is  actioned  reiain  unacknowledged. 


7.4. 1.6  Disconnect,  DISC ,  Command 

The  DISC  command  is  used  in  switched  networks  to  perform  a 
physical  disconnect;  i. e. ,  cause  the  addressed  station  to  go 
"on-hook*.  It  is  also  used  in  non- switched  networks  to 
perform  a  logical  disconnect;  i. e. ,  inform  stations  that  the 
Primary  is  suspending  operation  with  that  Secondary  station. 
Vo  information  field  is  periitted  with  the  DISC  command. 

prior  to  actioning  the  command  the  Secondary  confirms 
acceptance  of  DISC  by  the  transmission  of  a  UA  response. 
The  respond  opportunity  after  receipt  of  DISC  is  dependent 
upon  the  response  operation  (Normal  or  Asynchronous)  the 
Secondary  assunes  during  disconnect  and  is  system  defined 
for  any  given  Secondary.  The  respond  opportunities  are 
defined  in  Section  6.1  and  6.2.  Upon  actioning  this  command 
the  Secondary  station  is  placed  in  the  uneztended  (i.e. , 
single  octet) ^ con trol  field  mode.  -  >  .  '-j 
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Previously  transraltte'l  I.  fonces  that  are  unacknowledged  when 
tkis  coaaand  ts  actioned  renain  unacknowledged. 

7.k.2  Onnoabered  Information  Transfer  Conaands 

Onnumbered  inf  or nation  transfer  comaands  are  used  to 
exchange  frames  containing  inf orna  tion. 


7*4. Onnumbered  Information,  DI ,  Command 

The  .  01  command  is^  used  to  transfer  an  information  field 
across  .a  link  to  a  Secondary  or  grouu  of  Secondaries  without 
liq>acting  the  Secondary  I  format  sequence  niunbers,  H(S)  and 
1(B).  Beception  of  the  DI  fraae  is  not  sequence  nuaber 
verified,  therefore  the  inforaation  field  may  be  lost  if  a 
link  exception  occurs  during  transmission  of  the  01,  or 
duplicated  if  an  exception  occurs  during  any  reply  to  the 
01.  Examples  of  01  frame  information  are  status,  operation 
interruption,  teaporal  data  (e.  g.,  tiae-of-day ) ,  or  link 
initialixation  parameters. 

See  Appendix  B,  7.4.2. 1  for  additional  explanatory 
inforaation. 


7.0.2. 2  Onnoabered  Poll,  UP,  Coanand 

Ihe  OP  command  is  used  to  solicit  response  fraaes  froa  a 
single  Secondary  (individual  Poll)  or  from  a  group  of 
Secondaries  (Group  Poll),  by  establishing  a  logical 
operational  condition  that  exists  at  each  addressed 
Secondary  for  one  respond  opportunity.  (In  the  case  of  a 
Group  Poll,  the  mechanism-  employed  to  control  (schedule)  the 
response  transaissions  (to  avoid  siaultaneous  transaissions) 
is  considered  to  exist  and  is  not  defined  in  this  standard.) 
Secondaries  receiving  UP  with  a  group  address  will  respond 
in  the  same  manner  as  when  addressed  using  an  individual 
address.  The  response  frame (s)  will  contain  the  sending 
Secondary's  individual  address,  plus  N (S)  and  H  (B)  nuabers 
as  required  by  the  particular  responses.  (The  continuity  of 
each  Secondary's  N  (S)  count  will  be  aaintained. )  The  UP 
coaaand  does  not  acknowledge  receipt  of  any  response  fraaes 
that  nay  have  been  previously  transaitted  by  the 
Secondary  (s) .  Ho  information  field  is  permitted  with  the  UP 
coaaa nd. 
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A  Secondary  which  receives  a  OP  with  the  P  bit  set  to  **1" 
will  respond  (at  its  respond  opportunity  and  consistent  with 
its  Bkode  of  operation)  with  a  frame  which  has  the  F  bit  set 

to  "I*. 

A  Sec<»dary  which  receives  a  DP  with  the  P  bit  set  to  ”0" 
may  or  may  not  respond  depending  on  the  status  of  the 
Secondary;  Secondary  responses  sent  in  reply  to  this  ccnaand 
will  have  the  P  bit  is  set  to  *0"  in  all  frames  of  each 
Secondary's  response.  A  Secondary  will  respond  to  a 
received  OP  which  has  the  P  bit  set  to  "0**  when:  1)  It  has 
an  I/OI  fraBe(s)  to  send,  2)  it  has  received  but  not 

acknovledged  an  fraaets)  3)  it  has  experienced  an 

exception  condition  or  change  of  status  that  has  not  been 
reported,  4)  it  has  a  status  that  aust  be  reported  again 
(e.9.,  OB,  caOB). 

7. 4. 3  Qnnumbercd  Recovery  Commands 

Onnuabered  recovery  coamands  are  used  to  facilitate  the  link 
level  exception  recovery  protocol. 

7.4.3.1  Response  Reject,  RSPB,  Ooaaand 

The  BSPR  command  is  used  to  report  an  error  not  recoverable 
toy  retransmission  of  the  identical  frantie;  i.e.  one  of  the 
following  conditions  resulted  froa  the  receipt  of  an  error 
free  frame  from  the  Secondary  station: 

1«  The  receipt  of  a  response  that  is  invalid  or  not 
iapleaented. 

2.  The  receipt  of  an  I/DI  response  with  an  inforaation 
field  which  exceeded  the  maximum  established  length. 
(An  BSPR  condition  will  not  be  established  upon  receipt 
of  an  XID  response  frame  with  an  information  field  that 
exceeds  the  maxianm  established  storage  capability  of 
the  Priaary. ) 

3.  The  receipt  of  a  response  fraae  having  an  invalid 
■  (B)  number.  (See  7.5. 3.1.  for  definition  of  an  invalid 

-  1(8)  nuaber.) 


A  Status  field  iaaediately  following  the  control  field  is 
incladed  with  this  coaaaad  to  provide  the  reason  for  the 
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ASPS.  Be€ec  to  Sectioa  7.5.3.  1  for  the  size  and  content  of 
the  Basic  Status  field  and  Extended  Status  field  except 
substitute  ■HSPR"  for  •3HDH",  "response  reject"  for  "command 
reject",  and  "Primary  station"  for  "Secondary  station".' 

The  Secondary  will,  at  the  first  respond  opportunity 
folloving  the  receipt  of  RSPB,  transmit  1)  a  OA,  r  :sponse  to 
indicate  it  will  take  action  to  correct  the  RSPR  condition, 
oc  2)  a  CBDB,  response  to 'indicate  that  either  no  corrective 
action  will  be  taken  or  that  the  RSPR  coinraand  is  not 
inplenented. 

BSPB  ..with  an  on'  all  zeros  information  field  (including 
and  z  all  equal  to  zero)  indicates  an  unspecified 
rejection  of  a  response  frue. 

See  also  Section  8.4,  Command-Response  Reject. 

7.4.4  Hiscellaneous  Coamands 

7.4. 4.1  Exchange  Identification,  XID,  Command 

The  XIO  command  is  used  to  cause  the  addressed  Secondary 
station  to  identify  itself,  and  optionally  to  provide 
Primary  station  identification  to  the  addressed  Secondary. 
In  information  field  is  optional  with  the  XID  command;  if 
present  the  information  field  will  be  the  Primary  station 
ID.  If  no  information  field  is  present  with  the  XIO  command 
the  Primary  station  is  scliciting  the  addressed  Secondary 
station  ID.  A  Secondary  in  any  mode  receiving  an  XID 
conmnand  will  transmit  an  XID  response  unless  1)  a  set  mode 
response  (DA)  is  pending,  or  2)  a  CHDB  condition  exists. 

An  BSPB  condition  will  not  establish  if  the  received  XID  has 
an  information  field  which  exceeds  the  maximum  extablished 
storage  capability  of  the  Primary. 

7. 4.4. 2  Oser-Defined  Commands  (DSERO,  OSERI  ,  0SBB2,  DSER3) 

Poor  Oser-Defined  commands  are  specified  to  permit  the 
inplementer  to  define  special  system-dependent  functions 
that  do  not  have  general  applicability.  The  iTser- Defined 
commands  are  DSERO,  DSER1,  DSER2,  and  0SER3. 
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7.5  annoabered  Respouses 


Onxuimbered  responses  are  grouped  accocding  to  the  function 
perf oraed : 

-  Bod  e-setting  responses:  TJA,  DS,  RIH 
->  Information  transfer  responses:  01 
*  Recovery  responses:  CURB 

-  Oser- defined  responses:  OSERO,  OSERI^  0SER2,  0SEB3 

The  following  Onnmsbered  responses  are  defined;  oth^  c 
responses  aay  be  defined  in  the  future  if  required.  All  bit 
encodings  not  defined  are  reserved. 

'  Control  Field  Bits 
!►.  2  3  4  *5  6  2  § 


QA  Response 
DH  Response 
RD  Response 
RIB  Response 
01  Response 
CBDR  Response 
OSBRO  Responsa 
0SER1  Response 
0SBB2  Response 
OSER 3  Response 
XID  Response 


See  Section  6.1  for  description  of  the  F  bit  operation* 


7.5.1  Bode*Setting  Responses 

Bode-setting  responses  are  used  by  the  Secondary  to  request 
transmission  of,  or  to  respond  to  the  mode-setting  commands 
of  the  Priaary. 


7.5. 1.1  Unnumbered  Acknowledge,  OA,  Response 

The  OA  response  is  used  to  acknowledge  the  receipt  and 
acceptance  of  the  SRBfl,  SARB,  SNRHB,  SARBE,  SIR,  DISC,  and 
RSPB  Unnumbered  comirands  defined  in  Sections  7.4.1  amd 
7.4. 3. ■  The  OA  response  is  transaitted  in  the  basic  or  the 
extended  control  field  fornat  as  directed  fay  the  received 
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Dnnanbeced  comnand.  Ho  infornation  field  is  peroiitted  with 
the  DA  response.  (See  Section  7.4  for  additional  details) 

7.5.1.2  Disconnected  node,  DR*  Response 

The  DB  response  is  used  to  report  a  non-operational  status 
where  the  Secondary  is  logically  disconnected  from  the  link; 
i.e.,  the  Secondary  is,  per  systea^  definition,  in  MDB  or 
AOI.  (See  Section  6.2  for  details.) 

The  DR  response  is  sent  by  a  Secondary  in  NDH  or  ADR  (or 
equivalent  state)  to  request  the  Primary  to  issue  a  set  a^e 
command,  or,  if  sent  in  response  to  the  reception  of  a  set 
node-  coaaand,  to  infora'the  Primary  that  the  Secondary  is 
still  in  HDR/AOR  and  cannot  action  the  set  mode  command.  On 
a  switched  network  where  the  call  is  initiated  by  a 
Secondary  DR  is  sent  to  request  a  set  mode  coaaand.  On  a 
non-sw itched  line  a  Secondary  in  ADR  may  send  the  DR 
response  at  any  respond  opportunity.  No  infornation  field 
is  permitted  with  the  DR  response. 

A  Secondary  in  HDR  or  ADR  will  monitor  received  commands 
(other  than  those  that  reset  the  disconnected  node)  only  to 
detect  a  respond  opportunity  in  order  to  (re) transmit  DR  (or 
BIB  if  initialization  is  required):  i.e.,  no  transmissions 
are  accepted  until  the  disconnected  mode  is  reset  by  the 
receipt  of  SHBR;  SARH,  SNRHE,  sabre,  or  SIR. 

See  Appendix  C,  Exaaple  5.5. 

7.5. 1.3  Bequest  Disconnect,  RD,  Response 

The  BD  response  is  used  to  indicate  to  the  Priaary  that  the 
Secondary  wishes  to  be  placed  in  disconnected  mode  (HDR  or 
ADH) •  BD  nay  be  sent  asynchronously  if  the  Secondary  is  in 
ABB,  or  if  in  HBH  as  a  response  to  a  command  with  the  P  bit 
set  to  "I”.  A  Secondary  which  has  sent  an  RD  response  and 
receives  any  non  DISC  fraBe(s)  aust  accept  the  coaaand 
f rame  (s)  if  it  is  able  to  do  so.  If  the  Secondary  accepts 
the  non  DISC  coaaand  frame  (s)  it  follows  the  normal  AOCCP 
elenents  of  procedures  to  respond  to  the  Priaary  coaaands. 
Secondary  acceptance  of  non  DISC  frames  after  having  issued 
an  RD  response  cancels  the  BD  response.  If  the  Secondary 
still  wants  to  be  placed  in  disconnected  mode  (HDR  or  ADH) 
it  aust  re-issue  the  RO  response.  A  Secondar]^cannot  accept 
non  DISC  coaaands  fraae(s)  due  to  internal  probleas  aay 
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respond  vith  BD  again.  No  information  field  is  permitted 
witK  the  BD  response. 

7.5.  1.4  Request  Initialization  node.  Bin,  Response 

The  RIB  response  is  used  to  request  the  SIN  coaunand.  k 
Secondary  which  has  established  a  BIB  condition  will  monitor 
any  .  subsequently  received  connands  (other  than  SIH  or  DISC) 
only  to  detect  a  respond  opportunity  to  ^  (re) transmit  RIB; 
i.e.,  no  transmissions  are  accepted  until  the  RIB  condition 
is  reset  by  the  receipt  of  SIB  or  DISC.  No  information 
field  is  permitted  with  the  RIB  response. 

7.-5.2  Unnumbered  Informatioa  Transfer  Responses 

Unnumbered  information  transfer  responses  are  used  to 
exchange  frames  containing  information. 

7.5. 2*1  Unnumbered  Inforirati on,  UI,  Response 

The  UI  response  is  used  to  transfer  an  information  field 
across  a  link  without  impacting  the  Secondary  I  format 
sequence  numbers,  N(S)  and  N(R).  Reception  of  the  UI  frame 
is  not  sequence  nunber  verified,  therefore  the  information 
field  may  be  lost  if  a  link  exception  occurs  during 
transmission  of  the  01,  or  duplicated  if  an  exception  occurs 
during  any  reply  to  the  UI.  Examples  of  UI  frame 
information  are  status,  operation  interruption,  temporal 
data,  and  link  initialization  parameters. 

7.5.3  Unnumbered  Recovery  Responses 

Unnumbered  recovery  responses  are  used  to  facilitate  the 
link  level  exception  recovery  protocol. 

7.5. 3.1  Command  Reject,  CBDB,  Response 

The  CBDR  response  is  used  to  report  an  error  condition  not 
recoverable  be  retransmission  of  the  .identical  frame;  i.e., 
one  of  the  follcwing  conditions  resulted  from  the  receipt  of 
an  error  free  frame  from  the  Primary  station: 

1  the  receipt  of  a  command  that  is  invalid  or  not 
inplemented. 
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2  the  receipt  of  an  I/DI  frane  vith  an  infornation 
field  Hhich  exceeded  the  iraximuin  established 
length.  {k  CHDR  condition  will  not  be  established 
upon  receipt  of  an  XID  command  frame  with  an 
infornation  field  that  exceeds  the  maximum 

.  established  storage  capability  of  the  Secondary.) 

3  the  receipt  of  an  invalid  M(S)  nunber  fron  the 
Primary  station. 

An  invalid  H  (B)  is  defined  as  a  number  which 
points^to  an  I  frane  which  has  previously  been 
..  transmitted  and  acknowledged,  or  to  an  I  frame 

which  has  not  been  transnitted  and  is  not  the 
next  seguential  I  frane  pending  transaission. 

A  Secondary  in  a  disconnected  node  (HDH  or  ADH)  will  not 
establish  a  CHDB  condition. 

CaB&^Ba§lc_jtata3_Pieid 

A  Basic  Status  Field,  which  immediately  follows  the  basic 
control  field  is  returned  vith  this  response  to  provide  the 
reason  for  the  C cmmand  Reject  Response.  The  format  for  the 
Basic  status  field  is: 

^  ■  Basic  Status  Field  Bits - - 

1  2  3  4  5  6  7  3  ^  10  1J  12  13  14  15  16  17  18  19  20 


Rejected 

1 

- 

[ 

Basic  Control  field 

L.  ■  - 

N(S) 

li 

H(R) 

1  1  Z  T  Z 

first  Bit  Transnitted 
where: 

Be1ecte4  Control  Field  is  the  control  field  of  the  received 
frame  which  caused  the  comaand  reject 

HiSL  is  the  current  tl  (S)  nunber  of  the  Secondary  station 

MJBI  is  the  current  H  (B)  number  of  the  Secondary  station 
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«  set  t3  "1**  indicates  the  control  field  received  and 
~  returned  in  bits  1  through  8  uas  invalid  or  not 
inplenented 

X  set  to  ”1”  indicates  the  control  field  received  and 
returned  in  bits  1  through  8  vas  considered 
invalid  because  the  fraae  contained  an  inforaation 
field  which  is  not  permitted  with  this  coaunand. 

Bit  a  aust  be  set  to  **1”  in  conjunction  with  this  bit. 

j  set  to  *1**. indicates  the  inforaation  field  received 
exceeded  the  naxinua  established  capacity  of  the 
Secondary  station.  This  bit  is  autually  exclusive 
•with  bit  «  above. 

X  if  set  to  **1"  indicates  the  control  field 
received  and  returned  in  bits  1  through 
8  contained  an  invalid  li(R)  nuaber.  This 
bit  is  mutually  exclusive  with  bit  a  above. 

If  regniredf  the  Status  field  associated  with  the  CHDB  may 
be  padded  with  zero  .bits  to  provide  a  aodulo  of  the 
character  width  being  used. 

CHDR  with  an  all  zeros  infer  mat  ion  field  (including  a,x,y 
and  z  all  equal  to  zero)  indicates  an  unspecified  rejection 
of  the  comnand. 

See  also  Section  8.4,  C ommand- Response  Reject 
CHPR  Extended  Status  Field 

The  format  for  the  Extended  Status  field,  which  immediately 
follows  the  extended  control  field  (see  Section  5.2.2), 
returned  with  the  C!1DR  response  is: 


/ 
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First  Bit  Transmitted 


17  18 


Extended  Status 
Field  bits 

24  25  26 


32  33 


36 


1  Rejected  Extended 

0 

li(S) 

0 

N(a) 

WXTZ 

1  Control  Field 

7.5.4  Hiscellaneous  Responses 

7.5.4. 1  Exchange  Identification,  XID,  Response 

The  ZID  response  is  used  to  reply  to  an  XID  command.  An 
information  field  containing  the  Secondary  station 
identification  is  optionally  present  vith  the  XID  response. 
A  Secondary  receiving  an  XID  command  will  action  the  XID  in 
any  mode  unless  1)  a  set  node  response  (DA)  is  pending  or  2) 
a  QfDH  condition  exists. 

A  CHDB  condition  vill  not  be  established  if  the  received  XID 
coaaand  has  an  inforaation  field  vhich  exceeds  the  naxiaua 
established  storage  capability  of  the  Secondary. 

On  sait<±ed  networks  when  the  Secondary  is  the  calling 
station  it  nay  use  the  XID  response,  which  may  contain  an 
optional  information  field,  to  request  an  XID  exchange. 
(See  Section  10.0  Switched  Network  Conventions.) 


7 .5.4.2  User-Defined  Responses  (USERO,  USERl,  aSER2,  0SEB3) 

Four  Oser-Defined  responses  are  specified  to  permit  the 
implementer  to  define  special  system-dependent  functions 
that  do  not  have  general  applicability.  The  Oser-Defined 
responses  are  OSERO,  USSR1,  QSER2,  and  USERS. 
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8.0  EXCEPTION  CONDITION  REPORTING  AND  RECOVERY 

This  section  specifies  the  procedures  to  be  observed  to 
effect  recovery  following  the  detect ion/occurtence  of  an 
exception  condition  at  the  link  level.  Exception  conditions 
described  are  those  situatinns  that  aay  occur  as  the  result 
of  transmission  errors,  station  malfunction  or  operational 
situations. 

8.1  Busy  Condition 

A  busj • condition  occurs  when  a  station  temporarily  cannot 
receive.,  or  continue’  to  receive  I  frames  due  to  internal 
constraints,  e.g.,  receive  buffering  linitations.  The 
"busy**  condition  is  reported  by  transmission  of  an  BNB  frame 
with  the  11(B)  nuaber  of  the  first  I  frane  that  is  expected. 
Traffic  pending  transmission  at  the  busy  station  may  be 
transuitted  prior  to  or  following  the  BNB.  The  continued 
existence  of  a  busy  condition  must  be  reported  by 
retransaission  of  BNB  at  each  P/F  frane  exchange.  See 
Section  8.1.3,  Clearing  Busy  Condition. 

8.1.1  Secondary  Receipt  of  RNR 

a.  A  Secondary  transaitting  in  NBH  will  upon  receipt  of  an 

BNB  cease  transnission  at  the  earliest  possible  tine.  The 
frame  in  process  may  be  completed  or  aborted,  however 
transaission  aust  be  terninated  in  the  usual  nanner;  i. e. , 

either  ended  with  a  frame  with  the  F  bit  set  to  *1**  (see 

Example  5.2.1,  Appendix  C)  or  going  to  the  Idle  Link  State. 
The  Secondary  nay  resume  transaission  of  I  fraaes  at  the 
next  poll  command  (an  RR,  BBJ,  SBEJ,  or  I  command  frame  with 
the  P  bit  set  to  ”1") . 

b.  A  Secondary  transaitting  in  ABH  will,  upon  receipt  of  an 

BNB,  cease  transmitting  at  the  earliest  possible  time  by 
conpleting  or  aborting  the  frane  in  process  and  going  to  the 
Idle  Link  State.  If  the  RNB  comnand  frame  had  the  P  bit  set 
to  "I*  the  Secondary  nust  transait  a  frane  with  the  F  bit 
set  to  "I**  before  going  to  the  Idle  Link  State.  See 

Examples  5.4.1  and  5.4.3  in  Appendix  C.  The  Secondary  must 

perfora  a  Response/Conmam  d  Tine-out  before  resuming 
asynchronous  transnission. 
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8.1.2  Primary  Receipt  of  SHE 

Priaary  receipt  of  an  RHR  indicates  that  the  transmitting 
Secondary  has  a  busy  condition. 

8.1.3  Clearing  Busy  Condition 

The  busy  condition  is  cleared  at  the  station  which 
transmitted  the  RNR  when  the  internal  constraint  ceases. 

Clearance  of  the  busy  condition  is  reported  to  the  remote 
station,  by  transaisslon  of  an  RR,  REJ,  or  SBEJ  fraae  (with 
or  without  the  P/F  bit  set  to  ”1**)  ,  or  by  transmitting  an  I 
fraae  with  the  P/F  bit  set  to  "1".  t: 


8.2  H (S)  Sequence  Error 

An  ii(S)  sequence  exception  is  established  in  the  receiving 
station  when  an  I  fraae  received  error  free  (no  FCS;  error) 
contains  an  H  (S)  sequence  nuirber  that  does  not  agree  with 
the  stations  )i(B)  sequence  nuaber.  The  receiving  station 
does  not  ac)cnowledge  (increment  its  N(R)  number)  the  fraae 
causing  the  sequence  error,  or  any  I  frames  which  may 
follow,  until  an  1  fraae  with  the  correct  M  (S)  nuaber  is 
received. 

A  Station  which  receives  one  or  more  valid  I  frames  having 
sequence  errors  but  otherwise  error  free  will  accept  the 
control  inforiration  contained  in  the  M(S)  number  and  the  P/F 
bit  to  perfora  lint  control  functions;  e. g. ,  to  receive 
acknowledgement  of  previously  transmitted  I  frames  (via  the 
R  (B)  number),  to  cause  a  Secondary  station  to  respond  (P  bit 
set  to  **1 ")  ,  and  in  NBH  to  detect  that  the  Secondary  will 
terminate  transmission  (F  bit  set  to  "1"). 

Following  the  occurrence  of  a  sequence  error  one  of  the  two 
following  recovery  protocols  is  iapleaented  to  achieve 
recovery.  Bhich  protocol  is  used  is  dependent  upon  whether 
the  optional  SBEJ, coaaan d/response  is  iapleaented  by  a  given 
Secondary.  Both  BASIC  and  SREJ  recovery  protocols  may  be 
used  on  a  link,  but  only  one  protocol  is  used  at  any  given 
Secondary. 
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The  tuo  recovery  protocols  are; 

a.  BASIC  Becovery  (NB/BAB  CLASSES)  uses  SBJ  and 
Poll/Final  Bit  frame  exchange  (described  in  Section 
8.2.1),;  the  recovery  protocol  causes  r etransaission  of 

,  the  missing  I  frame  which  caused  the  sequence  error  and 
all  I  franes  which  may  have  been  transmitted  following 
that  frane. 

b.  SBEJ  Bee  every  (BS/HAS  CLASSES)  uses  SREJ  and  REJ 
commands/respenses  (described  in  Section  8.2.2);  the 
recovery' protocol  causes  either  r etransaission  of  only 
the  missing  I  frame  which  caused  the  sequence  error 
'(SREJ  recover  y)  ,  *or  retransaission  of  the  aissing  I 
frame  which  caused  the  sequence  error  and  all  I  frames 
which  may  have  been  transmitted  following  that  fraae 
(BEJ  recovery) . 

KATE;  In  these  two  recovery  protocols  the  exchange  of  P/F  ^ 

bit  franes  perfora  different  functions; 

1.  in  BASIC  Recovery  protocol  the  receipt  of  P/P  bit  , 
frames  can  initiate  retransmission  of  errored  or  lost  I 
franes  in  the  sane  aanner  as  the  receipt  of  a  REJ. 
Retransmission  of  I  frames  begins  at  the  B  (R)  sequence 
nuaber  in  the  REJ,  the  R  (B)  number  in  the  P/F  bit  frame, 
or  (in  the  case  where  the  P/F  bit  is  in  a  0  frane)  at 
the  BCR)  number  that  exists  in  the  receiver  at  the  time 
the  P/P  bit  is  received.  See  Appendix  B,  8.2  for 
precautionary  note. 

2.  in  SREJ  Recovery  protocol  the  receipt  of  P/F  bit 
frames  is  used  to  sense  the  failure  of  the  first  attempt 
at  recovery;  i. e.,  the  P/F  bit  frane  exchange  detects 
that  a  transmitted  SREJ  or  BEJ  was  not  correctly 
received  at  the  renote  station  and  nust  be 
retransmitted. 


8.2.1  BASIC  Recovery  Capability  (Bfi/BAB  CLASSES) 

8.2.  1.1  REJ  and  Poll/Final  Recovery 

Bhan  a  station  has  BASIC  recovery  capability  (i.e.  does  not 
have  the  capability  to  receive  the  SREJ  coaaand/response) 
the  recovery  protocol  is  initiated  by  receipt  of  REJ,  by  the 


45 


KDOAL  UGlSTBt  VOL  40,  NO.  14S-.4«IDAY,  OECEMBa  19,  197S 


59022 


NOTICES 


X as 34/5 89 
DRAFT  4 
15  August  1975 


exchange  of  RIB)  nuabecs  in  Poll/Final  £raaes,  or  by  a 
system  specified  Besponse/Coirnand  Time-out;  additionally,  in 
TV A  data  exchange,  recovery  may  be  initiated  by  the  receipt 
of  an  H (B)  nuaber  that  does  not  acknowledge  all  previously 
transmitted  I  ^ranes. 

8 .1.  1.2  BBJ  Hecovqrv 

The  BEJ  command/ response  is  primarily  used  to  initiate  more 
tiaely  exception  recovery  (retransaission)  following  the 
detection  of  a  sequence  error  than  is  possible  by  Poll/Pinal 
recovery;  e.g.,  in>  TBS  inforaation  transfer,  if  BBJ  is 
imicediately  tr;ansaitted  upon  detection  of  a  sequence  error, 
there  is  no  requirement  to  wait  for  a  Poll/Pinal  frame 
exchange.  See  Ezaaples  3.2.1,  3.3.1,  4.2.2,  4.3.1,  7.1.1 
and  7.1.3  in  Appendix  Z. 

Only  one  BBJ  exception  condition  is  established  at  any  given 
time  and  the  BEJ  coaaand/response  nay  be  transaitted  only 
one  tine  when  an  BEJ  exception  condition  is  established. 

A  station  receiving  REJ  initiates  retransmission  of  I  frames 
starting  with  the  I  frame  indicated  by  the  H  (B)  nuaber 
contained  in  the  BEJ  frame. 

The  BEJ  exception  condition  is  cleared  (reset)  upon  the 
receipt  of  an  I  fraae  with  a  H  (S)  number  equal  to  the  N  (R) 
number  of  the  BEJ  command/response. 


8. 2. 1.3  Poll/Pinal  Becovery 

If,  following  a  sequence  error,  the  BEJ  coaaand/response  is 
not  received  (i.e. ,  either  not  transmitted  or  due  to 
transaission  errors)  recovery  is  initiated  by  P/P  bit 
exchange.  (If  no  P/P  bit  exchange  occurs,  recovery  is 
initiated  by  detection  of  an  Idle  Link  State  or  a 
Besponse/Comroand  Time-out.)  Following  the  exchange  of 
Poll/Final  fraaes,  sequential  transaission  of  I  fraaes  (if 
available)  is  initiated  starting  with  any  previously 
transaitted  but  unacknowledged  1  fraaes  or,  if  none, 
starting  with  additional  I  frames  not  previously 
transmitted.  See  Examples  1.2.2,  1.3.2,  2.2.2,  2.3.2, 
4.3.3,  4.3.4,  7.1.2,  7.1.4  and  7.2.2  in  Appendix  C.  A 

station  in  ARB  TBS  which  has  received  and  actioned  a  REJ 
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prior  to  or  concurrent  uith  the  receipt  of  a  Poll/Final 
frame  will  not  additionally  initiate  Poll/Final  recovery. 

8.2. 1.4  Response /Command  Time-Out 

Following  the  transmission  of  a  frame  to  which  a  reply  is 
expected,  a  nonresponse  or  lost^response  condition  is 
detected  by  the  Response/C onurand  Time-out.  (See  Section 
9.0.)  Upon  expiration  of  the  tiae-ouf^ function,  one  or  wore 
frames  are  retr  emsaitted  starting  with  the  last  H(B) 
sequence  nnnber  received.  See  Examples  1.2.1,  1.2.3,  1.3.1, 
1.3.1,  2.1.2,  2.2.1,  2.3.1,  2.3.3,  4.2.1,  and  8.2  in 

hppisndix  C.  , 

-  8. 2. 1.5  Receipt  of  8(81  in  Pi  A  Data  Exchange 

In  T8A  data  exchange,  when  P/F  bit  fraaes  are  lost,  in  error 
or  not  «rchanged,  the  receipt  of  an  N(B)  number  which  does 
not  acknowledge  all  previously  transaitted  I  fraaes  will 
initiate  (at  the  next  respond  opportunity)  sequential 
retransaission  of  I  fraaes  not  acknowledged.  See  Exaaple 
2.2.3  in  Appendix  C. 

8.2.2  SRBJ  Recovery  Capability  (HS/NAS  CLASSES) 

8. 2. 2.1  SREJ/RBJ  Recovery  -- 

The  SRBJ  coaaand/response  is  priaarily  used  to  initiate  aore 
efficient  error  recovery  by  requesting  the  retransmission  of 
a  single  I  fraae  following  the  detection  of  a  sequence  error 
rather  than  the  retransmission  of  the  I  frame  requested  plus 
all  additional  I  fraaes  which  aay  have  been  subsequently 
transmitted.  To  improve  transmission  efficiency  it  is 
recoaaended  that  the  SRBJ  coaaand/response  be  transaitted  as 
the  result  of  the  detection  of  a  sequence  error  where  only 
a 'Single  I  fraae  is  aissing  (as  deter ained  by  receipt  of  the 
out-of-sequence  N  (S)  number)  . 

then  SREJ/RBJ  error  recovery  protocol  is  used, 
retransaission  of  I  fraae  (s)  is  initiated  only  upon  recieipt 
of  either  a  SRBJ  or  REJ  command/ response  as  described  below. 
If  the  SRBJ  or  REJ  is  not  received,  or  is  received 
incorrectly  by  the  remote  station,  it  aust  be  retransmitted 
before  initiating  error  recovery. 
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8«2.2.2  SRBJ  Becoyerv 

Vhen  an  I  fraae  sequence  error  is  detect edU  .the  SBEJ  is 
transaitted  at  the  earliest  possible  tiae.  Although 
multiple  SRBJ  (or  foultiple  SBEJ  and  one  BBJ)  exception 
conditions  may  exist  within  a  station  only  one  exception 
recovery  is  actioned  at  any  given  time;  i.e.,  after  a 
station  starts  the  SBEJ  recovery  procedure  it  may  not  begin 
a  second  SBEJ  or  a  BSJ  recovery  procedure  until  the  first 
error  condition  has  been  cleared.  For  a  given  error 
condition  the  SBEJ  coaaand/r esponse  is  transaitted  only  one 
time  in  each  Poll/Final  frame  exchange. 

The  SBEJ  exception  condition  at  the  sender  is  cleared 
(reset)  upon  the  receipt  of  an  I  fraae  with  an  N  (S)  nuaber 
equal  to  the  11(B)  of  the  SBEJ  comnand /response  i.e«#  the 
aissing  I  fraae. 

See  Bxaaples  3.2.2,  3.3.2,  4.2.3,  4.3.2,  7.2.1  and  7.2.3  in 
Appendix  C. 

8.2.  2.3  BEJ  Recovery 

In  the  event  the  sequence  error  is  caused  by  two  or  more 
sequential  1  faaes  not  being  received,  as  deterained  by  the 
received  H  (S)  numbers,  it  is  recommended  that  the  BEJ 
coanand/response  be  transaitted. 

Only  one  BEJ  exception  condition  is  er^tablished  at  any  given 
time.  (Bote  that  there  tray  be  one  or  more  SBEJ  exception 
conditions  pending  when  the  BEJ  exception  condition  occurs.) 
A  station  receiving  BBJ  initiates  retransaission  of  1  fraaes 
starting  with  the  I  frame  indicated  by  the  B(B)  number 
contained  in  the  BEJ  fraae. 

The  BEJ  exception  condition  is  cleared  (reset)  upon  the 
receipt  of  an  I  frame  with  an  Ii(S)  number  equal  to  the  N  (B) 
of  the  BEJ  coanand/response. 

VOTE:  The  following  Examples  in  Appendix  C  have  been 
specified  for  BASIC  Recovery  capability.  (Section  8.2.1,  BBJ 
Recovery)  but  also  apply  to  the  use  of  BEJ  in  stations  with 
SBEJ  Recovery  capability:  3.2.1,  3.3.1,  4.2.2,  4.3.1,  7.1..1, 
and  7.1.3.  in  Appendix  C. 
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8 -2. 2. 4  Betansaission  of  SHEJ  or  REJ 

IB  the  event  the  SBEJ  oz  BEJ  coBtaem d/response  is  transaitted 
bat  not  received  bj  the  remote  station  (i.e.,  dae  to  a 
transaission  error) ,  it  aust  be  retransaitted  following 
detection  that  it  was  not  received.  This  detection  will 
occar  either  at  the  exchange  of  P/F  bit  frames  (as  described 
below)  or  by  a  Response/ Cobb  and  Tiae-out.  In  either  case 
the  SBBJ  or  REJ  comma  nd/re  sponse  ,is^  re  transmitted  so  that 
the  proper  recovery  action  may  be  executed. 

For  exaaple,  in  the  case  wh^e  a  SBEJ  (or  BEJ)  is 
transaitted  by  a  Secondary  but  is  not  received  correctly  by 
the  Primary,  the  Secondary  senses  the  SBEJ  (or  BEJ)  nust  be 
retran^itted  when,  following  transaission  of  a  response 
frame  with  the  Pinal  bit  set  to  **1"  concurrent  with  or  after 
the  SBEJ  (or  BEJ)  ,  the  requested  I  fraBe(s)  is  not  received 
by  the  Secondary  prior  to  or  concureent  with  the  receipt  of 
a  ooBBBand  frame  with  the  Poll  bit  set  to  "1”.  In  other 
words,  since  the  Secondznry  transaitted  the  SREJ  (or  BEJ) 
concurrent  with  or  before  sending  the  response  fraae  with 
the  Final  bit  set  to  "  1" ,  then  the  I  frame  (s)  requested  by 
SBBJ  (or  BEJ)  should  be  received  prior  to  or  concurrently 
with  the  next  coumand  frame  with  Poll  bit  set  to  "  1" .  (See 
exaaple  7«2.4  in  Appendix  C  where  SREJ  is  transmitted  prior 
to  response  fraae  13, IF  but  the  requested  I  fraae  is  not 
received  prior  to  jommand  frame  16, 4P.) 

In  like  manner  if  a  Primary  which  has  transmitted  a  SBEJ  (or 
BEJ)  does  not  receive  the  requested  I  fraae  (s)  prior  to  or 
concurrrent  with  receiving  the  response  frame  with  the  Final 
bit  set  to  **1**  which  is  itself  in  reply  to  the  first  command 
fraae  with  the  Poll  bit  set  to  **1"  concurrent  with  or 
following  the  SBEJ,  it  will  retransmit  the  SREJ  (or  REJ)  . 

In  the  event  the  remote  station,  due  to  a  transmission 
error,  does  not  receive  (or  receives  and  discards)  a  single 
I  frame  or  the  last  I  frame  (s)  in  a  sequence  of  I  fraaes  it 
will  not  detect  an  out-of -sequence  exception  condition  and, 
therefore,  will  not  transmit  SBEJ/BEJ;  The  station  which 
transaitted  the  unacicnowledged  I  frame  (s)  will,  following 
the  coapletioa  of  a  systea  specified  tiaeout  period  take 
appropriate  recovery  action  to  determine  the  point  where 
retraosaission  aust  begin. 
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In  the  event  ,an  SRBJ  is  transmitted  but  not  received  (or  is 
received  in  error  and  discarded)  the  station  that 
transmitted  the  SRBJ  toay  convert  the  SRBJ  to  REJ  vhen  again 
reporti  j  the  exception  condition  (e. g. ,  i£  additional 
transaission  errors  have  occnred  since  the  SRBJ  was  first 
transmitted) • 

8.3  PCS  Error 

Any  fraae  received  with  an  PCS  error  is  not  accepted  by  the 
receiving  station  and  is  discarded.  At  the  Secondary  no 
action  is  taken  as  the  result  of  that  frame. 

8.4  Coanand-R espouse  Reject 

k  coaaand-response  reject  exception  condition  is  established 
upon  the  receipt  of  an  error  free  frame  which  contains  an 
invalid  cononand/ response  in  the  control  field,  an  invalid 
firane  foraat,  an  invalid  R(R)  nnaber  or  an  information  field 
which  exceeded  the  maximum  established  storage  capability. 

At  the  Primary  station  this  exception  condition  is  subject 
to  recovery/resolution  at  a  higher  function  level. 

.At  the  Secondary  station  the  exception  condition  is  reported 
by  tcansmittirg  a  CflDR  response  to  the  Primary  station  for 
appropriate  action.  Once  a  Secondary  station  -  has 
established  a  CHDR  exception  any  additional  commands  (other 
than  those  that  reset  the  CHDR  exception  condition) 
subsequently  received  are_ examined  only  with  regard  to  the 
state  of  the  M(R)  number  and  P  bit;  i.e. ,  only  to  update  the 
acknowledgement  of  1  frames  previously  transmitted  and  to 
detect  a  respond  opportunity  to  retransmit  CHDR.  Ho 
additional  t ransaissions  are  accepted  or  actioned  until  the 
condition  is  reset  by  the  receipt  of  a  SHRH,  SARH,  SHRBB, 
SABHE,  SIH,  or  DISC. 

At  the  Secondary  station  the  receipt  of  a  Response  Reject, 
BSPR  is  subject  to  recovery/resolution  at  a  higher  function 
level. 
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9.0  BESPOHSE/COHHJkHO  TIHE-OOT 

Is  ocder  to  detect  a  so- response  or  lost^responsa  condition, 
each  Prisary  shall  provide  a  response  tine-oot  £anction. 
Also,  in  Asynchronous  mode  of  operation  in  order  to  detect 
a  no->response  or  lost -response  condition,  each  Secondary 
shall  provide  a  coounaad  tine-out  function. 


9. 1  Bormal  Besponse  Node 

The  transnission  of  any  command  with  the  P  bit  set  to  ”1** 
requires  a  response  and  therefore  starts  the  tine- out 
function.  (BOTE:  Ho  more  than  one  poll  may  be  outstanding 
at  one  tine.) 

The  tine-out  function  shall  be  restarted  upon  receipt  of  a 
valid  frame. 

The  tine-out  function  shall  be  stopped  upon  receipt  of  the 
expected  response. 

Expiration  of  the  tine-out  function  shall  initiate 
appropriate  recovery  action. 

The  duration  of  the  time-out  function  is  system  dependent 
and  subject  to  bilateral  agreenent. 

9.2  Asynchronous  Besponse  Node 

The  transmission  of  any  command,  with  the  P  bit  set  to  "1” 
requires  a  response  and  therefore  starts  the  time-out 
function. 

The  time-out  function  shall  be  stopped  upon  receipt  of  a 
valid  frame  with  the  F  bit  set  to  "1". 

Expiration  of  the  time-out  function  shall  initiate 
appropriate  recovery  action. 

The  duration  of  the  tine-out  function  is  systen  dependent 
and  subject  to  bilateral  agreement. 
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10.0  SWITCHED  NBTHOBK  CO H7 BUT lOHS 

Stations  connected  to  a  switched  coinmuri. cations  netwack  nay 
be  capable  of  operation  as  primary  stations  only,  as 
secondary  stations  only,  or  as  either  prioary  or  secondary 
stations.  The  capabilities  of  the  called  station  must  be 
known  at  the  calling  station  and  the  calling  station  must 
operate  accordingly.  If  the  called  station  is  capable  of 
operating  either  as  a  Priaary  or  eis  a  Secondary  it 

1)  will  iirpleiFent  the  IID  command  and  response,  and 

2)  will  determine  which  type  of  link  control  (Primar^y  or 
Secondary)  to  invoke  by  recognition  of  either  the  re-'  te 
station  link  address  or  identification  (XID). 

The  calling  or  called  station  will  initiate  the  transmission 
interchange  first  depending  on  the  characteristics  of.  the 
transmission  network.  When  initiated  by  the  secondary,  it 
sends  a  single  unsolicited  Supervisory  or  Onn umbered 
response.  When  initiated  by  the  priaary,  it  sends  any 
appropriate  command  with  an  appropriate  address.  ^ 
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11.0  CLASSES  OP  PBOCEDOBES 

All  classes  of  procedures  use  the  two  frame  formats  as 
defined  in  Section  3.0  PRAHE  STBUCTORE.  In  addition,  all 
procedures  assuive  that  the  links  include  primary  and 
secondary  link  controllers.  Primary  link  controllers 
transmit  commands  (in  fraires  with  or  without  data)  ,  aid 
secondary  link  controllers  receive  the  command  frames  and 
transmit  responses  (in  frames  with  or  without  data) .  The 
primary  link  controller  is  responsible  for  determining  which 
commands  to  send,  within  the  constraints  of  the  standard. 

Procedure  differences,  based  on  overall* system  consideration 
(e.g.,  network  configuration,  traffic  management,  etc.)  are 
accommodated  by  defining  two  modes  of  operation 
Asynchronous  and  Norrcal  ~  and  by  defining  various  classes  of 
procedures  that  utilize  the  capabilities  of  these  modes 
together  with  the  exception  recovery  characteristics 
specified  within  the  standard.  Individual  classes  implement 
a  prescribed  subset  of  the  comnands  and  responses  defined  in 
Section  >  7.0,  CCHSANDS  AND  BESPOMSES,  ("Implement"  is 

defined  at  the  Pritcary  as  the  ability  to  receive  all 
responses  in  the  prescribed  subset,  and  at  the  Secondary  as 
the  ability  to  receive  all  commands  in  the  prescribed 
subset.) 

APPENDIX  B,  ADDITIONAL  INPOBNATION,  provides  examples  that 
illustrate  how  a  point- to- point  (P-P)  Primar y-to-Secondary 
(P-S)  conf iguration  (s)  (described  below  in  Section  11.1,  and 
11.2  Primary-to- Seconda ry  Classes  of  Procedures)  may  be 
employed  to  yield  balanced  control  or  near-balanced  control 
operation.  These  capabilities  are  in  addition  to  the  P-P 
Balanced  Control  Classes  of  Procedure  (previously  called 
"Prinary/Primar y")  defined  in  Section  11.3. 

11.1  Normal  Response  Node  (NBH)  Primary  to  Secondary  (P-S) 
Classes  of  Procedure 

These  classes  of  procedure  are  applicable  to  point-to-point 
(P-P)  and  multipoint  (HP)  link  configurations.  The 
Secondary  station  may  transmit  a  frame  or  frames  only  as  a 
result  of  the  receipt  of  an  appropriate  command  frame  as 
described  in  Section  6.  1.  1,  Normal  Response  Mode. 
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11.1.1  NB  CL&SS:  Hocioal  Response  Bode  -  BiSIC  Exception 
Recovery  Pcocedare 

Stations  operating  in  this  node  nay  use  the  RBJ 
oonmand/response  to  solicit  retransmission  of  any  frame 
detected  in  error.  The  subsequent  retransnission  vill 
consist  of  the  frame  in  error  plus  any  previously 
transsitted  f rases  in  accordance  vith  Section  8.2.1. 

The  following  coanands  and  responses  aust  be  inpleaented  in 
this  class: 


Cobb  an ds 
I 

RB 

BNR 

RBJ 

SMRH 

DISC 

RSPR 


Re  ^onse  s 
I 

Rfi 

RRR 

RBJ 

OA 

CBDR 
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.11.1.2  NS  CLASS:  Normal  Bespouse  Node  *  SBBJ  Exception 
Bccoxery  Procedure 

Stations  operating  in  the  Nornal  Node  uith  Selective  Reject 
capability  can  request  retransmission  of  a  single  specified 
I  frame  uithout  requiring  retransmission  of  previously 
transmitted  following  frames;  See  section  8.2.2. 

The  following  commands  and  Responses  must  be  implemented  in 
this  class: 


Comm  emds 


I 

RR 

BNB 

BEJ 

SBEJ 

S  NBA 

DISC 

BSPB 


I 

BR 

RNB 

BEJ 

SBBJ 

OA 

CHDB 
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11.2  Rocaal  and  Asynchronous  Response  Rode  (HRH  and  ARH) 
Primary- to~ Secondary  (P-S)  Classes  of  Procedure 

11.2.1  HAB  CLASS:  Normal  and  Asynchronous  Response  Hade  - 
BASIC  Exception  Recovery  Procedure 

In  this  class,  in  addition  to  the  operation  described  in 
Section  11.1.1  above,  the  Primary  station  can  condition  a 
Secondary  station(s)  to  transmit  frames  at  any  time 
independent  of  further  action  by  the  Priaary;  see  Section 
6.2,  Asynchronous  Response  Rode. 

The  following  comorahds  and  Responses  must  be  implemented  in 
this  class: 


Command  s 

Responses 

I 

1 

RR 

BB 

BNB 

BNB 

REJ 

REJ 

S  HBH 

OA 

SARH 

CHDB 

DISC 

RSPB 
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11.2.2  NAS  CLASS:  Nacmal  and  Asynchronous  Response  Rode  - 
SBEJ  Exception  Recovery  Procedure 

Stations  operating  in  the  Nonna  1  node  uith  Asynchronous 
capability  and  with  Selective  Reject  Operation  can  request 
retransmission  of  a  single,  specified  information  frame  as 
described  in  Section  8.2.2. 


The  following  ccirmands  and  Responses  aust  be  iapleaented  in 
this  class: 


Coaa  ands 
I 

RB 

RMR 

BEJ 

SBEJ 

S  NBA 

SABA 

DISC 

BSPB 


Responses 

I 

RB 

BNB 

BEJ 

SBEJ 

UA 

CHDB 


11.3  Balanced  Control  Classes  of  Procedures  (previously 
called  •Prixnary/P  limary" ) 

These  Balanced  Ccntrol  classes  of  procedures  are  restricted 
to  point-to-point  two-way  siaultaneous  (P-P  TBS),  switched 
or  non-switched  transmission  facility.  See  Figure  11-1. 
Each  station  is  responsible  for  correction  of  errors 
associated  with  the  traffic  it  originates.  Each  station  can 
transmit  frames  at  any  time  independent  of  action  by  the 
other  station.  Stations  operating  according  to  these 
classes  of  procedures  use  the  Asynchronous  Response  Node  of 
operation.  Each  station  maintains  only  one  sequence  number 
for  all  X  frames  transmitted  and  only  one  sequence  number 
for  all  I  frames  accepted. 

All  Command  frames  specify  the  receiving  station  address. 
All  Hespon.^e  frames  specify  transmitting  station  address. 

The  N(R)  number  in  both  Information  and  Supervisory  formats 
indicates  that  the  station  tran.  ;iittiQg  the  N  (B )  has 
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correctly  received  all  iaforaation  format  frames  numbered  up 
to  and  including  R(B)~1.  See  examples  8.1  and  8.2  in 
Appendix  C. 

11.3.1  BCB  CLASS:  Balanced  Control  BASIC  Exception 

■ocomerT  Procedure 

Stations  operating  in  this  class  use  the  SBJ 
ooounand/response  to  solicit  retransmission  of  any  frame (s) 
detected  in  error.  The  subsequent  retransmission  mill 
consist  of  the  frame  in  error  plus  any  previously 
txansaitted  folloving  frames  in  accordance  uith  Section 
8.2. t. 

The  following  comnands  and  responses  roust  be  implemented  in 
this  class: 


Commands 

Responses 

I 

I 

RB 

RB 

BRB 

BNB 

RBJ 

BSPB 

Of  DR 

SABH 

OA 

SABBE 

DISC 
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11.3.2  BCS  CLASS:  Balanced  Control,  SREJ  Exception  Recovery 
Procedure 

Stations  operating  in  this  class  have  the  option  to  request 
retransaission  of  a  single,  specified  inforaation  fraae 
without  requiring  retra nsnission  of  previously  transmitted 
foUoding  frames,  in  accordance  with  Section  8.2.2. 

The  following  conaands  and  responses  must  be  iapleaented  in 
this  class: 


Commands 


Responses 


I 

RR 

RNR 


BSPR 

SARM 

SARHE 

DISC 


I  • 

RR 

RNR 

REJ 

SREJ 

CHDR 

DA 


STATION  A 


STATION  B 


"E":  COMMANDS 
"A":  RESPONSES 


"A":  COMMANDS 
"B":  RESPONSES 


FI3DHE  11-1 
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12.0  PBAHB  CHECK  SEQUENCE  (FCS)  SENE  RATION  AND  CHECKING 

Tbls  section  specifies  the  FCS  gene  cation  and  checking 
ceqaiceaenta.  These  ceguiceaents  ace  focaulated  to  detect 
frame  length  changes  due  to  ecconeous  addition  or  deletion 
of  zero  bits  at  the  end  of  the  frame  as  uell  as  to  detect 
errors  introduced  ^uithin  the  fcaae. 

12.1  FCS  Generation 

The  equations  for  FCS  generation  ace: 

A 

G  »  .1  L  (X>  RiXL 

P  (X)  =  Q(X)  ♦  P  (i)  and, 

PCS  =  L  (X)  ♦  H  (Z)  -  S(X)  , 

The  division  is  aodula  2  and, 

L(l)  =  X»»  ♦  X‘*  X‘5  ♦  XI*  ♦XU  ♦  X»«  ♦  X»  ♦  X«  ♦ 

X*  ♦  ♦  X*  ♦  X*  ♦  X*  ♦  1, 

R  (z)  -  The  reiraindec  which  is  of  degree  less  than  16. 
k  3s  the  number  of  bits  represented  by  6(Z)# 

P  (X)  =  The  CCITT  V.41  generator  polynomial  (X**  ♦  X**  ♦  X* 

♦  1)  ,  and 

G  (X)  =  The  aessage  polynoaial.  It  includes  the  contents  of 
the  address,  control  and  information  fields, 

excluding  the  zero  bits  inserted  for  transparency 
(see  Section  3.7). 

The  generation  of  the  remainder  R(X)  differs  from  that  used 
in  conrontional  check  sequence  generation  by  the  presence  of 
the  X‘%.  (X)  term  in  the  generation  equation.  Rhen  the  « 

generation  is  by  the  usued  shift  register  technique,  the  X'^ 

L (X)  term  is  added  in  either  of  two  ways: 

1.  Preset  the  shift  register  to  all  ones  rathar  than 
to  all  zeros  as  in  conventional  generation 

procedures.  Otherwise,  shift  the  data  (G  (X) ) 

through  the  register  as  in  conventional  procedures, 
or. 
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2.  Invert  the  first  16  bits  of  G(X)  before  -shifting 
into  the  register  and  shift  the  remaining  part  of 
G  (X)  through  uninverted.  This  requires  that  G  (X) 
contain  at  least  16  bits. 

Rhether  1  or  2  is  used,  the  shift  register  contents,  after 
shifting  through  G{X),  is  H(X).  These  contents  are  J.nverted 
bit-by-bit  and  transmitted  as  the  PCS  sequence. 

The  transmitted  sequence  is  always  (in  algebraic  notation)  : 

.  •  H  (X)  =  G(;0  ♦PCS. 

12.2  PCS  Checking 

The  received  sequence  will  be  denoted  which  differs 

from  M  (x)  if  transmission  errors  are  introduced.  The 
checking  process  always  involves  dividing  the  received 
sequence  by  P(x)  and  testing  the  reaainder.  Direct 
division,  however,  does  not  yield  a  unique  remainder  and  it 
is  expected  that  in  most  cases  the  received  sequence  will  be 
modified  for  checking  purposes  by  addition  of  terms  which 
will  cause  the  division  to  yield  such  a  unique  remainder 
when  H*  (x)  =  H  (x)  ,  i.e.,  when  the  frame  is  error  free. 

Two  classes  of  checking  equations  are  given  below: 

1.  X^fH*(x)  ^  x\(x)1  =  Q  (X)  ♦Bill 

P{x)  P(x) 

In  this  case  the  unique  reaainder  is  the  renainder  of  ^ 

the  division  X*  lejxj, 

P(x> 

Ihen  y  =  0  the  remainder  is  L(x)  (16  ones)  . 

When/'  =  16  the  remainder  is  X»2  ♦  ♦  X‘o  ♦  X® 

♦  X3  X*  ♦  X  +  1  (0001110100001111  X»s  through  X®  respectively) 

2.  [ii*lxL_»_iAiL_kl3)  ]  =  0(x)  »  SUL 

P«*)  P(i) 

In  this  case  the  unique  reneinder  is  always  zero  regardless 
of  the  value  of  if. 

Shift  register  implementation  of  the  above  equations 
normally  use  ^  =16  (pre-multiplication)  .  When  this  is  the 
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59039 


case,  the  added  terra  x  L(x)  in  both  1  and  2  is  added  by 
either  inverting  the  first  16  received  bits  of  (X)  before 
shifting  them  through  the  checking  register  or  by  presetting 
the  register  to  all  1*s  and  shifting  all  of  H*(X)  through 
noraally.  Thus  the  receiver  action  on  the  leading  portion 
of  a  frame  is  the  sane  with  either  1  or  2. 

The  ♦  1  of  the  term  (X  >1)L(x)  of  the  generation  equation  of 
2  is  added  by  inverting  the  FCS.  This>  iaplies  a  16  bit 
storage  delay  by  the  PCS  function  at  the  receiver  sLncr  the 
location  of  the  FCS  is  not  known  until  the  closing  flag  is 
received. 
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ABORT;  A  fuactiou  invoked  by  a  sending  (PRIHABT 
SBCOIDARI)  station  causing  the  recipient  to  discard  (andT 
ignore)  all  bit  seguences  transaitted  by  the  sender  since 
the  preceding  FLAG  SEQUENCE. 

ACCEPT;  The  condition  assumed  by  a  (PRIHARX  or  SBCONDABX) 
station  upon  accepting  a  correctly  received  FRA  RE  for 
processing. 

A  Deep';  Advanced  Data  Conaunicatioa  Control  Procedures. 

ADDRESS  FIELD  ( A)  ;  The  sequence  of  eight  (or  any  imltiple  of 
eight  if  extended)  bits  immediately  following  the  opening 
FLAG  of  a  FRAHE  identifying  the  SECOND ART  station  sending 
(or  designated  to  receive)  the  FRAHE. 

ADDRESS  FIELD  BIT BK ION;  Enlarging  the  ADDRESS  FIELD  to 
include  more  addressing  information. 

BASIC  STATOS;  A  SECCHDARI  STATION* s  capability  to  send  or 
receive  a  FRAHE .containing  an  IMFORHATION  FIELD. 

COBB  AMD;  The  content  of  the  CONTROL  FIELD,  of  a  COHHAND 
FBABB  sent  by  the  PRIHABT  instructing  the  addressed 
SBCOIDARI  to  perform  some  specific  LINK  LEVEL  function. 

COBEABD  FBARB;  All  FRAHES  that  may  be  transmitted  by  the 
FlIBARX  are  referred  to  as  COHHAND  FHAHES. 

COITBOL  FIELD  CC);  The  sequence  of  eight  (or  sixteen  if 
extended  control  field)  bits  immediately  following  the 
ADMBSS  FIELD  of  a  FRAHE.  The  content  the  CONTROL  FIELD  is 
interpreted  by  the  receiving; 

(a)  SECONDABS,  designated  by  the  ADDRESS  FIELD,  as  a  COHHAND 
instructing  the  performance  of  some  specific  function. 

(b)  PRIHABT,  as  a  RESPONSE  from  the  SBCONOART,  designated  by 
the  ADDRESS  FIELD,  to  one  or  more  COHHANDS. 

COBTBOL  FIELD  EITEMSION:  Enlarging  the  CONTROL  FIELD  to 
inclnde  additional  control  information. 
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(a)  Is  terminated  by  an  ABORT  sequence,  or 

(b)  Contains  less  than  32  bits  before  an  apparent  ending 
FLAG  SEQOEMCB  is  detected. 

HHK  LEVVIL:  The  conceptual  level  of  control  or  processing 

logic  existing  in  the  hierarchical  structure  of  a  (PBIHABT 
or  SECONDABT)  Station  that  is  responsible  for  maintaining 
control  of  the  DATA  LIHK.  The  LINK  LET  EL  functions  provide 
an  interface  between  the  station  HIGH  LEVEL  logic  and  the 
DATA  LIRA;  these  functions  inclade  (transmit)  bit  injection 
and  (receive)  bit  extraction,  ADDBESS/COMTBOL  FIELD 
interpretation,  COHflA  HD/BE  SPOUSE  generation,  transaoission 
and  interpretation,  and  FRABE  CHECK  SEQUEHCE  coaputation  and 
int  er pr etation. 

PRIfl ABT;  That  portion  of  the  Primary  station  responsible  for 
control  of  the  DATA  LINK.  The  PBIHABT  generates  COHHAHDS 
and  interprets  BSS  PONSES.  Specific  responsibilities* 
assigned  to  the  PBIHABT  include: 

(a)  Initialization  of  (data  and  control)  information 
interchange 

(b)  Organization  and  control  of  data  flow 

(c)  Betransnission  control 

(d)  All  recovery  functions  at  the  LINK  LEVEL 

BESPOND  OPPOBTOHITT:  The  LINK  LEVEL  logical  control 
condition  during  which  a  given  SECONDABT  may  transmit  a 
BESPOHSE  PBAHB(S). 

BBSPOaSB:  The  content  of  the  CONTBOL  FIELD  of  a  Response 
Frame  advising  the  PBIHABT  with  respect  to  the  processing  by 
the  SECONDABT  of  cne  or  more  COHHAND  FBAHES. 

BESPOHSE  FBAHBi  All  FBAHES  that  may  be  transmitted  by  a 
SECONDABT  are  referred  to  as  RESPONSE  FBAHES.  , 

SECOHDABT :  That  portion  of  a  Secondary  station  responsible 
for  performing  LINK  LEVEL  operations,  as  instructed  by  the 
PBIHABT.  A  SECCNDABT  interprets  received  COHHANDS  and 
generates  BBSPONSES. 
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S EC09 DART _ STATOR:  The  current  condition  of  a  SBCGNDABT  with 

respect  to  processing  the  series  of  COntlANDS  received  from 
the  PRIHABT. 

OaaOHBBHED  COHMAHDS;  The  commands  that  do  not  contain 
sequence  numbers  in  the  CONTROL  FIELD. 

DMNDHBBHED  RESPONSES;  The  responses  that  do  not  contain 
sequence  noabers  in  the  CONTROL  FIELD. 
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APPENDIX  B  -  ADDITIONAL  INPOHH ATIOM 


This  appendix  provides  additional  explanatory  information  to 
assist  in  the  use  of  the  standard.  For  ease  of  reference, 
the  organization  of  this  appendix  i^  identical  to  that  of 
the  body  of  the  standard. 

3.4  Frame  Structure,  Inforaation  Field 

Although  the  iraziiaua  length  of  the  inforaation  field  is 
theoretically  unlimited  it  will  be  constrained  by  one  or 
acre  of  the  following  factors: 

1  Error  detection  capability  of  the  FCS 

2  Channel  error  characteristics  and  data  rates 

3  Station  buffer  sizes  and  strategies 

4  Logical  properties  of  the  data 
3.1  Flag  Sequence,  and  3.8  Tiae  Fill 

Although  this  standard  peraitt:  the  closing  flag  of  one  fraae 
to.  be  the  opening  flag  of  the  next  fraae,  it  aust  be 
recognized  that  in  certain  inplementa tions  this  may  result 
in  crisis  tine  probleas.  Under  those  conditions,  it  nay  be 
necessary  to  transmit  interframe  time  fill.  The  amount  of 
tine  fill  Bust  be  deterained  by  prior  agreeaent. 

3.9  IDLE  Link  State 

Detection  of  an  IDLE  link  condition  nay  require  the  use  of 
a  timer  or  an  alternate  clock  to  determine  receipt  of  a 
continuous  one  condition  for  15  bit  tines  if  the  link 
configuration  does  not  provide  clock  signals  in  an  IDLE 
condition. 

7.4.  2.1  Unnuabered  Information,  01,  Command 

A  Secondary  must  respond  upon  receipt  of  a  01  coaaand  fraae 
aith  the  P  bit  set  to  "I";  the  response  shall  be  any 
appropriate  fraffe(s),  one  of  vhich  will  have  the  F  bit  set 
to  **1*'.  A  01  coaaand  vith  the  P  bit  set  to  "0**  solicits  no 
response. 
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8-2  H(S)  Sequence  Error 

la  ?/P  bit  recovery  if  the  ?  or  F  bit  is  contained  in  a  0 
tcame,  the  H  (8)  nuiaber  that  exists  at  the  receiver  vhen  P/P 
bit  recovery  is  initiated  can,  under  some  circumstances,  be 
incorrect.  (See  example  below.)  Therefore  stations  which 
initiate  P/P  bit  recovery  when  the  P/F  bit  is  in  a  0  frame 
must  be  prepared  tn  receive  retransmitted  frames  which  have 
V  (S)  members  that  have  been  previously  received  and 
acknowledged.  1  frames  are  not  lost  or  duplicated  in  these 
instances,  however  lint  efficiency  is  decreased  due  to  the 
transmission  of  duplicate  I  frames. 


ARM  TWS 


Pri:  1  |2>3P  |  3,4  jUI,P  ^4,7  |5,0  |6,0P  |7,0  |0»0 

Sec  :.^3,1^  4,2  ^5.3F|6,3  \  ^ I 

[ 


Retransmitted 


In  previous  Sec  F-bit  frame  N(S)=5,  however 
N (R)  as  received  from  Pri  =4  (from  frame 
3,4),  therefore  begin  P/F  recovery 


11.0  Classes  of  Procedures  « 

There  are  two  forms  of  point-to-point  two-way  simultaneous 
(P-P  TVS)  operations  that  are  possible  using 
Priaary/Secondary  configurations.  They  are: 

A.  Primary/Secondary  ARN  TVS 

B.  Primary/Secondary  Back-to-Back  AHH  or  HBH  TVS 

A.  Priaary/Secondary  Asynchronous  Response  Node  (ABR)  Operation. 

Section  11.2  defines  Primary-Secondary  classes  of  operation 
that  can  be  used  in  such  a  manner  so  as  to  provide  a 
capability  similar  to  Balanced  Control  (sometimes  called 
•Primary/Primary** )  in  which  balanced  information  transfer  in 
ABR  is  achieved  with  Primary  function  required  in  only  one 
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station  and  Secondacy  function  required  in  the  other.  See 
Figure  B1 .  Balanced  infornation  transfer  is  achieved  by  _ 
virtue  of  syranetrical  functional  equivalency  of  the  1,  RR, 
RIB,  BEJ»  SREJ  and  CBDB/BSPR  commands  and  responses.  Only 
the  station  designated  as  Priaary*  however,  has  the 
functional  use  of  the  mode  setting  and  DISC  comnands  for 
resetting  or  disconnecting  logical  lint  functions.  The 
capability  offered  by  this  type  of  operation  may  indeed  be 
satisfactory  and  optimal  for  a  great  many  applications 
envisioned. 

The  independence  of  operation  at  each  end  of  the  link  with 
regazfd  to  originating  information  transmission  is 
illustrated  in  the  exaaples  in  Section  9.0  of  Appendix  C  for 
I  frame  transmission  from  Primary  only,  secondary  only,  and 
siuultaneoQS  Prinary  and  Secondary. 

The  two-station  configuration  in  Figure  B1  is  extendable  to 
a  multipoint  link  configuration;  i.e. ,  one  Secondary  is 
placed  in  ARH  (and  operates  point-to-point  with  the  Prinary) 
and  all  other  Secondaries  are  sent  a  DISC  command.  Thus  the 
Prinary  can  perforn  balanced  control  type  Operation  yith  one 
station  at  a  tine. 

In  case  of  failure  of  the  TVS  link,  Prinary /Second ary  ARH 
has  the  ability  to  substitute  a  single  dial-up  line  and 
operate  in  ARH  TRA. 

B.  Back-to-Back  Primary/Secondary  Operation 

For  those  cases  where  completely  balanced  and  independent 
operation  is  desirable,  the  capability  exists  within  the 
definition  of  Primary-Secondary  operation  to'  accomplish  a 
"Balance  Control"  arrangement.  This  can  be  done  in  the 
following  nanner. 

A  Primary  and  S^eccndary  link  control  function  is  required  in 
each  station  with  the  use  of  two  addresses  (and  associated 
sequence  numbers)  to  direct  transmissions  received  to  either 
the  Prinary  or  Secondary  link  control  function  (see  Figure 
B2)  .  Primary  A  has  use  of  the  full  repertoire  of  commands 
relative  to  Secondary  B  and  Secondary  B  has  use  of  the  full 
repertoire  of  responses  relative  to  Primary  A.  The  same  is 
also  applicable  between  Primary  B  and  Secondacy  A. 
Transmissions  from  Primary  A  to  Secondary  B  zmd 
transmissions  from  Secondary  A  to  Primary  B  are  multiplexed 
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on  a  fraas  is?  zrace  basis  as  zag’ailfDd  in  one  direction  of 
tks  TBS  iacilit/  li.e,  ia  bi  iiOL  Zxy.'  t  to  ieitj. 

Teanssissioa  frca  Primary  B  to  Secondary  A  and  transsLissions 
frea  Saccadary  S  .to  Primary  A  are  similarly  multiplexed  in 
tLe  other  fiirectioti  (i.e«,  in  Figure  B2*froa  left  to  right)- 

Bj  this  scans  logical  interaction  between  Primary  A  and 
Secondary  B  is  iadependent  of  the  logical  interaction 
between  Primary  B  and  Secondary  A.  There  is  no  procedural 
SBStriction  that  infornation  (data)  flow  be  only  from 
Primary  function  to  Secondary  function  (i.e.,  the  Secondary 
fuaption  aay  transait  I/UI  fraaes,  see  Ezaaple  10.1  Appendix 
C)‘«  although  this  constraint  nay  be  accomplished  if 
desirable  in  several  different  ways,  e.g.,  at  link  level  by 
use  of  BBB  to  Poll- for  noa-inforaation  responses  only  (See 
Bxample  10.2  Appendix  C)  or  by  prior  system  agreement  that 
the  Secondary  never  transmit  I/UI  frames.  (See  Bxample  10.3 
Appendix 

Back-to*Back  Priaary-Secoa dary  operation  offers  the 
UeKibility  of  response  in  that  each  sublink  (one  Primary  to 
one  Secondary)  aay  optionally  be  operated  in  either  ABfi  or 
BBS;  i.e.,  one  Primary- Secondary  pair  could  be  operated  in 
ABB,  where  the  Secondary  responds  asynchronously,  and  the 
other  Priaary-Secondary  pair  in  MBH,  where  the  Secondary 
only  responds  when  it  receives  a  corainand  frame  with  the  P 
bit  set  to  *1”..  The  choice  of  ABH  or  MRU  is  a  systea 
option;  e*g-*  depends  up<Mi  whether  it  is  desired  to  obtain 
tko  nost  iaaediate  Secondary  acknowledgaent  (by  using  ABH) 
or  to  lioit  the  nusber  of  Secondary  overhead  responses  (by 
sotting  the  P  bit  to  "I**  only  in  every  nth  frame). 

STATIOH  B  STATION  A 


V  S 

l!!iJ 

TBS 

“|5ec| 

FIGURE  B1 
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APPLICABLE  TYPE  OP 

CLASSES  BBC07BBY 

_  ILLDSTHATBP 

1.  MEB  TMA  BXAHPLBS 
_  1*1  lo  Errors 


1. 1.1 

Secondary  I  Franes  only 

HB/HS 

- 

1.1.2 

Prinary  I  Franes  only 

M6/BS 

- 

.  1.1.3 

Priaiary  and  Secondary  Frames 

HB/MS 

- 

1.2  COBsand  Fraae  Errors 

1.2.1 

Start -Op 

HB/HS 

TO 

1.2.2 

I  Frame 

HB 

P/F 

1.  2.3 

POLL  Fraae 

RB 

P/F 

1 .3  iBsponse 

Frame  Errors 

1.  3.  1 

Start- Op 

HB/HS 

TO 

1.3.2 

Z  Fraa* 

HE 

P/F 

1.3.3 

FIHAL  Frame 

HB 

P/F 

1.4  COBBand  and  Besponsa  Fraa«  Errors 

t.«.  1 

Pri  I  and  Sec  FIHAL  frames 

HB 

P/F 

2.  *18, -  XMh 

BXABPLES 

• 

2.1  lo  Errors 

2.1.1 

Secondary;!  Frames  only 

HAB/NAS 

- 

2.t.2 

Contention 

RAB/HAS 

- 

2.2  Conmand  Fra'.i3e  Errors 

2.2.1 

Start- Op 

HAB/NAS 

TO 

2*2.2 

I  Frane 

HAB 

P/F 

2.2.3 

POLL  Frame 

HAB 

p/r 

2.3  Response 

Frane  Errors 

2.3.1 

Start- Op 

HAB/NAS 

TO 

2.3.2 

I  Frane 

HAB 

P/F 

2.3.3 

FINAL  Frame 

NAB 

P/P 

CI-1 
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TTPE  OP 


APPLICABLE 

BECOTEBT 

CLASSES 

ILLOSTBATED 

3.  MRB  -  T9S 

EXAHEIES 

3.1  lo  Ercocs 

3,1.  1 

Secondary  I  Frames  only 

RB/NS 

- 

3,1.2 

Priaary  I  Fraaes  only 

HB/NS 

- 

3,1.3 

Secondary  and  Priitary 

I  Prases 

HB/NS 

• 

3,2*‘CoBBand 

s 

Prase  Errors 

3,2.1 

I  Frarae 

NB 

BBJ 

3,2.2 

I  Fraoe 

NS 

SBEJ 

3,3  Response 

Frame  Errors 

3.3.1 

1  Frame 

NB 

BBJ 

3,3.2 

I  Prase 

NS 

SBEJ 

4.  AHfl  -  T9S  EXAMPLES 


«.1 

lo  Errors 

4.  1.1 

Intermittent  I  Frames  From 

Pri  &  Sec 

NAB/NAS 

- 

4.1.2 

Continuous  I  P  raroes  From 

Pri  &  Sec 

NAB/NAS 

- 

4.2 

Command  Frane  Errors 

4.2.1 

Start- Op 

NAB/NAS 

TO 

4.2.2 

I  Prase 

NAB 

BEJ 

4.2.3 

1  Frame 

NAS 

SBEJ 

4.2.4 

I  Frame 

NAB 

P/F 

4.3 

Response 

Frame  Errors 

4,3.1 

1  Prase 

NAB 

BEJ 

4.3.2 

I  Frame 

NAS 

SBEJ 

4.3.3 

I  Frame 

NAB 

P/F 

Cl -2 
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5.1  IIB  to  ABB  -  TBA  Examples 

5.1.1  Order ly  Change,  Pri  &  Sec 

1  Prases 

5.1.2  Orderly  Change,  Pci  Only 

I  Fraaes 

5.1.3  Orderly  Change,  Sec  Only 

I  Praaes' 


BAB/HAS 

BAB/BAS 

BAB/BAS 


Cl -3 
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TYPE  OF  • 

APPLICABLE  RECOVERY 

CLASSES  ILLUSTRATED 


5.2  MRH  to  ARM  -  TiS  Exairples 


5.  2.  1 

Immediate  Change,  Pri  &  Sec 

I  Frames 

NA3/NAS 

- 

5.2.  2 

Orderly  Change,  Pri  Only 

I  Frames 

MAB/NAS 

- 

5.  24  3 

Orderly  Change,  Sec  Only 

•• 

I  Frames 

NAB/NAS 

5.3 

AHH  to 

NR«  -  THA  Examples 

5.  3.  1 

Orderly  Charge,  Pri  fi  Sec 

I  Frames 

NAB/NAS 

- 

5.3.  2 

Orderly  Change,  Pri  Only 

I  Frames 

NAB/HAS 

- 

5.  3.  3 

Orderly  Change,  Sec  Only 

I  Frames 

NAB/NAS 

— 

5.4 

ARH  to 

NRM  -  THS  Exairples 

- 

5.4.  1 

IiTffediate  Change,  Pri  6  Sec 

I  Frames 

NAB/NAS 

5.4.  2 

Orderly  Change,  Pri  Only 

I  Frames 

NAB/NAS 

- 

5.  4.  3 

Iirmediate  Change,  Sec  Only 

I  Frames 

NAB/MAS 

5.5 

NDB/ADfl  Exarrples 

5.5.  1 

MOM/ADH  to  APM  -  TRA 

NAB/NAS 

5.5.2 

NDH/ADfl  to  NRII  -  TWA 

NAB/NAS 

— 

5.5.  J 

NDM/ADd  TWA,  Pri  Actions 

Sec  Reguest 

NAB/NAS 

* 

5.5.4 

MDM/ADfl  TWA,  Pri  Refuses 

NAB/NAS 

Sec  Reguest 

6.  CLOSING 

PROCEDURE  EXAMPLES 

6.1 

NRH  - 

TWA 

NB/US 

• 

6.2 

MRP!  “ 

THS 

NB/NS 

6.3 

ABfl  - 

TWA 

NAB/NAS 

6.4 

ARH  - 

TWS  . 

NAB/ NAS 
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TIPS  OF 

APPLICABLE  BECOVBBT 

CLASSES  ILLOSTBATBD 

MCEPTlDt  HBCOTBBI  -  TBS  EXAMPLES 


7.1  IBJ  *  P/F  Bit  Exception  Becoxecy 


7.1.  1 

IRB«  SBC  Beceives  BEJ 

HB 

BEJ 

7.1.2 

■BB«  SBC  Hisses  BEJ 

NB 

P/F 

7.1.3 

ABB«  SEC  Beceives  BEJ 

HAB 

BEJ 

7.1.4 

ABB,  SBC  Hisres  BEJ 

HAB 

P/P 

7.2  SOJ  B 

BEJ  Exception  Becovecy 

•  7.  2.  1 

IBH  TlS,  Pci  Receives 

BS 

SBBJ 

7.2.2 

IBB  TVS,  Pci  Hisses  SBEJ 

IS 

Erroced 

SBEI 

7.2.3 

ABB  TBS,  Pri  Beceives  SBBJ 

HAS 

SBBJ 

7.2.4 

ABB  TBS,  Pri  Hisses  SBBJ 

IAS 

Bfc  cored 

SBBI 

7.2  SBBJ  ♦ 

BEJ  Exception  Becovecy 

7.2.1 

BBH,  Pci  Beceives  SBBJ 

IS 

SBBJ 

7.2.2 

BBB  THS,  Pri  Bisses  SBBJ 

IS 

Erroced 

SBBJ 

7.2.3 

ABH  TBS,  Pci  Beceives  SBBJ 

IAS 

SBBJ 

7.  2.4 

ABH  TVS,  Pci  Hisses.  SBEJ 

HAS 

Erroced 

SBBJ 

8.  BALilCEP  CQMTBOL  OPBaATIQB  EXAMPLES 

8.1  Continuoas  1  Frames 

BCB/BCS 

— 

8.2  lateraittent  1  Fcanes 

BCB/BCS 

* 

9.  A88  tlS 

POt iT-TO-POIMT 

9.1  Continuous  Pci  S  Sec  I  Fcanes 

9.2  Contixmons  Pci  8  Intermittent 

HAB/MAS 

- 

9nc  I 

Fcanes 

lAB/IAS 

- 

9.3  Intermittent  Pci  8  Continuous 

Sed  I 

Fcanes 

HAB/IAS 

- 

10,  DODBLB  PBIHABY  S  SBCrNDABY  ABB  TBS  POI»T-T0~POlBT  BEAHPLBS 
(Called  BACK-TO-BACK) 

10.1  Start-OP/Coa tinuous  Pci  &  Sec 

I  Fcanes  HAB/MAS 
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10.2  Start-Op  Cootinuous  Pri  Only 

I  Frames  (via  RNR)  NAB/HAS 

10.3  Start-OP/CoQ tiauaus  Pri  Only 

1  Frames  (prior  agreement)  NAB/HAS 
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APPENDIX  C:  EXAMPLES  OF  THE  USE  OF 
,  COMMANDS  AND  RESPONSES 


The  examples  in  Appendix  C  are  offered  for  illustrativ  '  purposes 
only  auid  should  not  be  Interpreted  as  establishing  any  protocol; 
the  exchange  of  the  various  command  and  response  frames  is  limited 
only  by  the  rules  specified  in  the  standard. 

The  notation  used  in  the  Appendix  C  diagrams  is  illustrated 
below: 


Flag  (i.e.,  frame  boundary) 


r~i 

f  ;  ^  Frame  containing 

I - 1 


information 


Frame  without 
information 


Information  Frame: 


r 


Information  Format  Frame 
^Send  Sequence  Number 

N(S)  N(R)  P/F<#-Poll  or  Final  Bit  set  to  "1" 


L 


Receive  Sequence  Number 
(next  expect  frame) 


Exan^le:  Pri  xmits:  12, 6P.  This  denotes  a  Primary  Information 
format  frame  with  sequence  number  2,  the  next  expected 
frame  from  the  Secondary  is  sequence  number  6  (frames 
numbered  5  and  below  aire  therefore  acknowledged)  and 
the  Poll  bit  is  set  to  "1"  (i.e.,  the  Secondary  is 
to  initiate  transmission  with  Information  format  frames 
if  available). 


Supervisory  Frame : 


Supervisory  command/response 
XXX  N(R)  P/P4-P0II  or  Final  bit  set  to 


Receive  Sequence  Number 


It 


Exan^le:  Pri  xmits:  RR2P.  This  denotes  a  Receive  Ready  (RR) 
command,  N(R)* 2  (i.e.,  the  nex^t  expected  frame  from 
the  Secondary  is  sequence  number  2),  and  the  Poll 
bit  is  set  to  "1". 


NOTE:  Retransmitted  Information  format  frames  are  shown  with 
a  double  line ;  i.e,,  |  ■  ■  - 1  . 

C-1 
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3  NRM  TWA  with  transmission  errors  iii  response  frames 


NOTICES 
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Examples  of  Exception  Recovery  Procedures 

REJ  and  Poll/Plnal  Bit  Exception  Recovery  for  FDX  Operation 

1  NRM  -  TWS  with  Information  Ffame:  Exception 
(NB  CLASS) 

REJl 
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,3  ARM  -  TWS  with  Information  Frame  Exception 
(NAB  CLASS) 


NOTICES 


0) 

0)  ^ 
>  CO 

•H  OJ  ^ 

<u  S 


(0 

fc  o  <u  c 

on  N 

c 

\  <i>  x:  c  o  +3 

•  is 

o 

SL  Si  (d  Q.  0) 

rH 

t4 

.C  <0  CO 

H  {v 

(0  4>  a«  4^  H) 

—  •  h- 

^  00 

4)  "H  rH  Si  4^ 

M 

*»  to  iH 

04 

6 

(d  4)  irv  CO  4.^  x> 

C\J 

m 

•H  to  M  (D  to 

c 

H->  3  i-H  Cd  rH 

la  c^ 

03 

•H  cd  CD  rH  cd 

M  < 

C  o  E  to  C 

. .  c\ 

•H  (D  Cd  M  CD  iH 

H 

(U 

Si  £  [z. 

- 

.  C 

>)  4-1  rH  4J 

Ni 


J-t  >s  (U  • 

«}  Si  *0  <M  c 
T)  0)  C  o  iH  4-> 

C  >  cd  ja- 

o  o  E  ^  m  j::  •* 

O  O  E  K  4^00 

0)  0)  o  ^  ^  iH  M 

CO  Si  o  2  OS'— 


O  E  K 

0)  Ov- 

Si  o  2 


W  ud 

K  Ml 


ROOAL  REOISTEI,  VOL  40,  NO.  245— -FKIDAY,  DfCIMBEK  19,  1975 


-23 


SREJ/REJ  Exception  Recovery  for  PDX  Operation 

NRM  -  TWS.-  with  Information  Frame  Exception 
(NS  CLASS) 

/—Retransmission 


ARM  -  TWS  with  I  Frame  Exception  Condition 
(NAS  CLASS) 
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'9.0  Primary-Secondary  ARM  Two-Way  Simultaneous  Point-to»-Polnt  Operation 
Reference  Figure  B1  Configuration 
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NOTICES 


Continuous  Secondary  Information  Frames- 
(NAB/NAS  CLASSES) 

RR5  RR6  RR7P  RRO '  RR2 '  RR3 '  RRS'P 


l&.O  Double  Primary  -  Secondary  ARM tws  Point-to-Point  Operation 
Reference  Figure  B2  Configuration 

10.1  Primary  A/Secondary  B  in  ARM  -  Primary  B/Secondary  A  in  NRM  Operation 
(NaB/NAS  classes  BACK-TO-BACK) 

3TA  A:  ^  ,BI00 _ ^^RTn  ,BI22  _ AIOI _ jAIll  _ .  A122.F,  BI3 


NOTICK 
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APPERDII  P  -  FHA^B  CHECK  SBQgBMCB  (FCSI 


Dl.  Description 

The  transmission  integrity  of  a  received  message  is 
determined  by  use  of  a  Frame  Check  Sequence  (FCS).  The  PCS 
is  generated  by  a  transaitter,  inspected  by  the  receiver  and 
positioned  within  a  frame  in  accordance  with  the  following 
diagraas: 


Direction  of  transaission 


Flag 

Address 

Control 

Inforaation 

Frame  Check 

Flag 

Sequence 

< -  k  bits  - — 16  bits — > 

G(X) 


l< -  n  bits  .  ■  ■■’  > 

[  B(x) 


The  procedure  for  using  the  FCS  assumes  the  following: 

1.  The  k  bits  of  data  which  are  being  checked  by  the  PCS  can 
be  represented  by  a  poLynoaial  G(x)  . 

Examples: 

a.  G(x)  =  10100100  =  ♦  X*  =  X*(XS*XX^1) 

b.  G  (X)  =  00 — 010100100  =  -  X2(X«+X34-1) 

c.  G(x)  =  101001  =  X*  ♦  X3  ♦  1 

In  general*  leading  zeros  don't  change  G(x)  and  trailing 
zeros  add  a  factor  of  X  where  n  is  the  number  of  trailing 
zeros. 

2.  The  Address*  Control  and  Information  field  (if  it  exists 
in  the  message  ace  represented  by  the  polynomial  G  (x) . 


FCDEXAL  REOISTEt.  VOL  40,  NO.  245— niDAY,  DEOEMKK  19,  1975 


NOTICES 


X3S34/589 
DRAFT  ft 
15  Hugast  1975 


3.  For  the  pucpose  of  generating  the  PCS,  the  first  bit 
following  tne  opering  flag  is  the  coefficient  of  the  highest 
degree  term  of  G (x)  regardless  of  the  actual  representation 
cf  the  Address,  Control  and  Inforaation  fields. 


4.  There  exists  a  generator  polynomial  P (x)  of  degree  16, 
hawing  the  form  P  (x)  =  xs-i-1 

D-2  Generation  and  use  of  F2S  i.:covh  ,  r- 1  ? 

The  FCS  is  defined  as  a  one's  complement  of  a  remainder, 

B  (X)  ,.  obtained  from  the  aodulo  two  division  of 

k  ' 

G  (x  )*-X  ♦X'O^X’+X®  ♦X^»X*>XS^X*>X3w)?>X»^1) 

by  the  generator  polynomial  P(x). 


X“  G  (X)  ♦X'^(X»s»Xi^ - ^“X+1) 

P(x) 


PCS 


=Q(x»  ♦ 


R  (x)/ 
P(x) 


The  a ulti plication  of  G(x)  by  X'*  corresponds  to  shifting 
the  iressage  G  (x)  ,  IS  places  and  thus  providing  the  space  of 
16  bits  for  the  FCS. 

The  addition  of  X'^Xis  +  X*^ - ♦X*1)  to  X»*  G  (x)  is 

equivalent  to  inverting  the  first  16  bits  of  G(x)  •  It  can 
also  be  accoaplished  in  a  shift  register  impleoentation  by 
presetting  the  register  to  all  ■ones"  initially.  This  term 
is  present  to  detect  erroneous  addition  or  deletion  of  zero 
bits  at  the  leading  end  of  S(x)  due  to  erroneous  flag 
shifts^ 


The  conplenentlng  of  R  (x) ,  by  the  transmitter,  at  the 
completion  of  the  division  insures  that  the  transaitted 
sequence  R  (x)  has  a  property  which  permits  the  receiver  to 
detect  addition  or  deletion  of  trailing  zeros  which  may 
appear  as  a  result  of  errors. 


At  the  transnit  ter  the  FCS  is  added  to  the  X»®  G(x)  and 
results  in  the  total  message  N(x)  of  length  lc*16,  where  H  (x) 
=  G(x)  ♦  PCS. 

The  receiver  can  employ  one  of  several  detection  processes, 
two  of  which  are  discussed  here.  In  the  first  process,  the 
incoming  H(x)  (assuming  no  errors;  i.e.  B*  (x)  =  H(x))  is 
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ultiplied  by  added  toX  .  (X‘*^X>*----  -  -  ♦ 

*  1)  and  divided  by  P(X). 

i*  rx>*  G  (XI  ♦  FCSI  ♦  X^»*A  fX*»  ♦  X>» - »  X  »  11  =  Qr  (X) 

P(X) 


ince  the  t cansorissicn  is  error  free,  the  remainder  Rr(x)  will  be 
0001110100001111*  (X»*  through  X®).  '  > 

Hr  (X)  is  the  reaainder  of  the  division:  X**  L  txl 

P(x) 

where  L  (x)  *  X'*  ♦  •  -  --  -♦•X  +  1.  This  can  be  shown 

by  establishing  that  all  other  terns  of  the  nuoerator  of  the 
receiver  division*  a  re,  divisible  by  P(x).  This  will  be  done 
below . 


Mote  that  FCS  =  B  (x)  >  L(x)«‘R(x).  (Adding  L(x)  to  . 

polynowial  of  its  saae  length  is  equivalent  to  a  bit  by  l)it 
inversion  of  the  polynomial.) 

The  receiver  division  numerator  can  be  rearranged  to: 

X»*(X»*  G(x)  ♦  X'^LCxJ  ♦  H{x)]  ♦  X»*  L(X). 

It  can  be  seen  that  the  first  tern  is  divisible  by  P(x)  by 
inspecting  the  transaitter  generation  equation,  thus  the 
X*®L(x)  term  is  the  only  contributor  to  Br(x). 

The  second  process  differs  from  the  first  in  that  another 
tera  (X^*L(x))  is  added  to  the  nuaerator  of  the  generation 
equation.  This  causes  a  remainder  of  zero  to  be  generated 
if  n*(x)  is  received  error  free. 

D.3  laplementation 

A  shift  register  FCS  iapleaentat ion  is  described  in  detail 
here.  It  utilizes  *ones  presetting*  at  both  the  sender  and 
the  receiver  and  the  receiver  does  not  invert  the  FCS.  The 
receiver  thus  checks  for  the  non-zero  residual  Rr(x)  to 
indicate  an  error  free  transmission. 

Figure  D. 1  is  an  illustration  of  the  implementation.  It 
shows  a  con^guration  of  storage  elements  an8  gates.'  The 
addition  of  X^CX's^X^* - ♦X+1)  to  the  G(x)  can  be 
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accomplished  by  presetting  all  storage  eleroents  to  a  binary 
value  "1 - 

\ 

The  one's  compleaent  o£  B(x)  is  obtained  by  the  logical  bit 
by  bit  inversion  of  the  transmitter's  B(*). 

Figure  D.1  shous  the  implementation  of  the  Fcs  generation 
for  transaission.  The  sane  hardware  can  also  be  used  for. 
verification  of  data  integrity  upon  data  reception. 

Before  transmitting  data,  the  storage  elements,  X^”X^are 
initialized  to  "ones”.  The  accuaulation  of  the  remainder 
B  (x)  is  begun  by  enabling  the  "A"  and  thereby  enabling  gates 
G2  and  G3.  'Bie  data  ta  be  transmitted  goes  out  to  the 
receiver  vieu  G2  and  at  the  aame  time  the  remainder  is  being 
calculated  with  the  use  of  feedback  path  via  G3.  Opon 
completion  of  transmitting  the  k  bits  of  data,  the  "A**  is 
disabled  and  the  stored  R(x)  is  transmitted  via  G1  and  II 
while  G2  and  G3  ace  disabled.  The  II  provides  the  necessary 
inversion  of  B(x)  . 

At  the  receiver,  before  data  reception,  the  storage 
elements,  X-o  -  X/5  are  initialized  to  "ones".  The  incoming 

message  is  then  continuously  divided  by  P(x)  via  G3  ("A" 
enabled).  If  the  message  contained  no  errors,  the  storage 
elements  will  contain  "00011 10100001111 "  (X»*  through  X®)  at 
the  end  of  the  n*(x). 

Figure  D.2  is  an  example  of  the'  receiver  and  transmitter 
states  during  a  transmission  of  a  19  bit  G(x)  ari  a  16  bit 

FCS. 

The  implementation  of  the  FCS  generation  and  the  division  by 
P  (X)  as  described  in  this  Appendix  is  used  as  an  example 
only.  Other  inplementations  ace  possible  and  may  be 
utilized.  This  standard  only  requires  that  the  FCS  be 
generated  in  accordance  with  the  rules  of  Sections' 3.5  and 
12.1  and  that  the  checking  process  Involve  division  by  the 
polynomial  P(x).  Furthermore,  the  order  of  transmission  of 
R  (x)  is  the  coefficient  of  the  highest  degree  term  first  and 
thereafter  in  decreasing  order  of  powers  of  x,  regardless  of 
the  actual  representation  of  fields  internal  to  H  (x)  . 
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msbT 


..  G(x) 


INPUT  TX  CRC  INPUT  RX  CRC 

TO  TX  TO  RX 


1111111111111111 
0  1111101111110111 
1  0111110111111011 

1  0011111011111101 

1  0001111101111110 

1  1000101110110111 

0  llOOOOOl 11010011 

0  1110010011100001 

1  0111001001110000 

1  ’  1011110100110000 
0  0101111010011000 

0  0010111101001100 

1  1001001110101110 

1  1100110111011111 

0  1110001011100111 

0  1111010101111011 

0  1111111010110101 

1  0111111101011010 

1  1011101110100101 

J  0101110111010010 

0010111011101001 
0001011101110100 
0000101110111010 
'  0000010111011101 

0000001011101110  F 
0000000101110111 
00  0  0  0000  10  11 10  IV  c 
0000000001011101' 
0000000000101110  s 
0000000000010111 
0000000000001011 
0000000000000101 
0000000000000010 
0000000000000001 
0000000000000000 
0000000000000000 

/  / 

X®  X>^S 


11111 1 1111111111 
O  1111101111110111 

1  0111110111111011 

1  0011111011111101 

1  0001111101111110 

1  1000101110110111 

0  1100000111010011 

0  1110010011100001 

1  0111001001110000 

1  10111 101C01 10000 

0  0101111010011000 

0  0010111101001100 

1  1001001110101110 

1  1100110111011111 

0  1110001011100111 

0  1111010101111011. 

0  1111111010110101 

1  0111111101011010 

1  1011101110100101 

01011 101 11010010 
1010101011100001 
1101000101111000 
1110110010110100 
1111001001010010 
0111100100101001 
0011110010010100 
0001111001001010 
0000111100100101 
1000001110011010 
1100010111000101 
1110011011101010 
0111001101110101 
1011110110110010 
1101101011010001 
1110100101100000 
1111000010111000 
♦  f 

x®  x>-® 


FIGURE  D. 2  FCS  EXAMPLE 
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EXPOSITORY  BBHABKS 
for 

American  National  Standard  for 
Advanced  Data  Goeaunication 
Control  Procedure  (ADCCP)  - 
Independent  Nnabering 


A.  BftlEP  HISTOBT 

The  development  of  advanced  data  communication  control 
procedure  standards  began  in  late  1969  durir-i  final  work  on 
the  Anerican  National  Standard-Procedures  for  the  Ose  of  the 
I  Communication  Control  Characters  of  American  National 
Standard  Code  for  Inforaation  Interchange  in  Specified  Data 
Communication  Links  (13.28  -  1971).  At  that  time*  it  was 
recognised  that  X3.28  lacked  certain  desirable  capabilities 
that  would  be  iapractical  to  incorporate  due  to~  the  basic 
philosophy  of  the  standard.  Consequently,  several  pcoposaJ.s 
were  subeitted  by  neabers  of  the  Task  Group  for  new  and 
improved  procedures.  Similar  work  was  proceeding  at  the 
sane  tine  in  BCHA  and  ISO.  One  of  the  aost  significant 
proposals  was  a  bit** oriented  approach  to  link  control  that 
becaae  widely  accepted  in  a  short  period- of  tiae,  both 
domestically  and  interm tiona 11 y.  Domestically,  the 
resultant  control  procedure  have  been  called  Advanced  Data 
Communication  Control  Procedures  (ADCCP) .  Internationally, 
the  developaent  going  on  in  this  area  is  called  HDLC  -  High 
Level  Data  Link  Control. 

The  original  bit- oriented  proposal  and  most  of  the  work, 
both  domestically  and  interm  tiona  11  y,  was  based  on  a 
dependent/single  sequence  number  per  frame.  In  lata  1971, 
a  proposal  was  submitted  for  independent/dual  nuabering.  It 
was  the  general  concensus  at  that  time,  both  domestically 
and  internationally,  that  the  net  advantages  over  the 
disadvantages  of  the  independent/dual  numbering  approach  Wr  s 
not  great  enough  to  warrant  working  on  the  two  procedures  in 
parallel.  Consequently,  the  American  National  Standard  for 
ADCCP  -  Dependent  Nuabering  evolved.  Now  that  the  work  on 
dependent /single  numbering  is  complete,  the  efforts  of  the 
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Task  Group  are  directed  toua cd  this  proposed  American 
latioaal  Standard  for  ADCCP  Independent  Nuonering. 

B.  BAIB  TECHMICAL  AHGU BENTS  AND  BEL AT  IONS HIP  WITH  IS3 

Tbe  basic  objectives  of  the  Advanced  Data  Communication 
Control  Procedures  ace  to  provide: 

a)  Full  transparency  and  code  independence, 

b)  Efficient  interactive  operation, 

’  c)  A  High  level’  of  reliability, 

d)  Tuo-way  alternate  and  two-way  siaultaneovs  operation 
•)  A  high  level  of  modularity 
These  objectives  have  been  largely  met. 

Oaring  the  fouc-year  period  of  ADCCP  development,  there  has 
been  active  liaison  with  both  the  BCHA  and  ISO  spheres  of 
interest.  As  a  result  each  group's  activity  has  influenced 
that  of  the  other. 
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